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CHAP?SI. I 
ntl'ltODUCTION 
I. STUDl!S ON nut STl\UCTUJll MD CHEMISTB.Y OF 
CHBOMIUH PIHTAFLUOlIDB 
AlW SOME DBllIVATIVES 
Chroatum peatafluorlde wu firet prepared by von llarteuberg (1), 
who treated cbromiua or cbros.d• trichlorid• with fluorine 1n a flow 
•Y•t mat 220-J00°. !he flow ayatem Temaiu d the noru.l preparative. 
ro te until quite recently, wlten a static b!gh-preaeure1 bigh-teaperatur 
technique vaa uaed vith aucceu in. the preparation of chronium heaaf luoi-
id• from the el.,.nta (2). Si ee chroaiu. h xaf luorid t1eCOtapoaea to 
fluoriae an chromium peutafluoride at -100 to -so0 , tbi• provide• a 
convenient path to cbromia pentafluor:ide. In add1tioo 1 the static 
proceaa give• much better yield• than tbe flow proc••• (3). 
Chromiua pentafluorlde 1- va~i0t1aly reported as a crtmaon (4) or 
a flue-red (1, 2, S) aoltd. Th U.qu.td is reported as uark red (4). 
ad tho vapor u crtuon (4). 
Little, is published on tbe phya1cal p~op rtie& of chroatu= pe.nta• 
fluoride, •o doubt due to it• extreu l'eactivity. The boilil'lg point has 
not y t been deteiained 9 hut the 118.ltlng point ia reported as 30° (4). 
Voa Wartenberg (1) obeerved that chroaium pentafluoride 1a vol.Acil t 
temperaturea below ioo0 , all.4 Che obeerved volatility of the liquid 
auggeete (6) value near that of vanadium pentafluoride (b. P• 43.1°). 
14wara (1) bu •uuecl tb.e vapo~ pw••••• of the aolicl pti.••• ad 
fitted lha 4a·ta v11;h ,. aquact.oa log hM • 11.92 - 317.5/ti Yalue• of 
60.6 kjoul ao1·1 aue 173.S joul _.1·1 d ii"'' iwer obtained fo'r Allaub ad 
A!nl> l'ft~et1w1y (7). X .. ray atu41ea OD chrO'mtura pentafluod.de Mv• 
abowu it IC lui 1•o•tructura1 with vaadlua pen-lafluorido, which ha• 
bet'Ul •howo. to toni a cis•:f1ue1'f.ue bridged c.ha,tn polyner (8). Th• ••• 
•peetra of tbe pentaf1uo.,:14e baa beea obtaiudJ tbia 1n4icatd only 
aonowal"a in tlw v.-p-or: pbue. and al•o auueete4 th•t chnaium pcc.tafl'10t:-
1de daeapoees to cbroa.tum tet:raf luoride a.ad tluor:tae at high.el' tempera• 
r.u:ru (9. 10). \lttt.11 this •tudy. ao data haft appeued on •pectral 
propettiea of cbrOtd.uca patafluortde. Tb.18 vo·rk t'eporte the vta1ble ad 
W.t.-avio1et apaet.ra of liquid. chroa:Lua pentafluori4a1 which vaa fouad to 
tte aiailal' to ell•• of ocller dl ·oupounda. Ta vtbracieaal apoctrua of 
.liqdd ebromuaa p.atafluod.de •as alao obtaiaad J I.ta •trikJ.aa ahdlarity 
to that of liquid v.aad1.wa pentafluortda. and cha pn••c• of strong 
fluo•~ue bri4 in& aupporta the s•tay data obtaia.d by 14wa~4• (4). 
nte cheaical p¥operttea of ehftll:1a ;toatafluor14e hav• nc•ived. 
••• la•• •ttent:1on. It 1• reported co l>• l'oadtl1 bydl'olyce4 to • 
J•11ow-green eolut!011 (4) • u.d to 1'apidl1 ate.ck glass a.1'0"9• c~ ·meltbi' 
point (4. 7). lt ta re,-orted to be u •xcelleat fluorlutlug agent, ae 
evidaaca4 by th• reae.tiot~ (ll)t 
a.sra + Cd's + A•Fs + CrJ3 (t-1) 
''• 
+ Cd't + 
''s • errs (1•2) 
Sh.la + Crf5 
liq. ltf S\lF5 + crPs (t-3) • 
Cit + tCwJ!s .... c11 .. +2ar6 + acrta (I-4) 
B1Fs w not fluol':lnated under the sa• condition• a the other 
group (V) fluorid s. Chromium pentafluortde alao react wiCh zeuon (3), 
xenon difluor1de (3), or xenon xaf luorid (12) according to th follow-
ing equattona1 
1200 
Cl"F5 + 1..e .. crr1 + X F2 (I-S) 
1200 
X·P2 + CrFs + Xe· .. + Cd'3 (I-6) 
2Xelg + 2CrF5 .... 2(Xor6 •Crr-.) + '2 (I-7) 
At 60°. chr tum pentafluoride ructa with excee xenon dif luorldo 
to fom o. &olid adduct of cbroaiua tetrafluoride and xenon dif luortde 
(3)J 
Tn. se f luorin tton r actions encompu•ed all tbat was known of the 
chetd ry of chrond. p ntafluoride befoi-e tbia atudy. 
Becau. chromium pantaf luorid• 1• iao•tructural with vanadiw 
pentafluoride (and 1th th entafluoride• of t•chniei and rheniwa) (8), 
its LEA.lie acid-bas propcn.·•lea vero 1u.'1aat1g ted. Thia iavaatigation li d 
to tho preparation of ight ricnr coapounda. 
The other pe taf luortdea of the va1\adtum poataf luoride group will 
ace, pt• fluoride ion to produce an Mlg-(M•V.Tc,Re) cion. aud thus how 
a Le 1 acid behavior (13. 14, is. 16). Chrowi pantafluor1de 'reacted 
ro dily with the Lmd.s bauea car aud FNOJ to produce th aalt• C•Crr, 
and H02CrFs 9 reap ctlvely. and th demonstrated the Lev acid b havioT 
xpected of 1t. Chramiura pentafluor1de vas also ria cted vitb a aerie• 
of strong U¥1s acids in order to gaug it ovn Lewie acidity, and to 
detemine whether aeuera of the vanadiua pentaf luoride group might 
demonatrate photari.c beb.a.vior. With the Lewis cida BF1 m4 lf5 1 no 
reaction was observed, but with SbFs, the comr.ound crrs•2Sb s was 
isolated. this compound waa thoroughly studied nd found to exhibit 
behavior cons1•tent with a CrFtSb2Fi1 apecieo in th t it wns A v~ry 
$trongly oxidizing cottiJ>Ound that does not fluorinate ac all, in con-
trnst to the behavior of Crl"s discuascd ciarlter. The Lewiu acid 503 
was fluoriua.ted by CrFs to produce S205F2 and Cr(S03P)3. 
4 
Reactions of the compound CrF-.Sb2F1 l were e:xamined to dater-mi ·~e 
thE scope of its reactivity. lt wa found to r(!adily r~act 'litb o2 , Xe, 
ood C6F6 to forr.i solid products, bt.at not to react vit:h H2 or !tr, at 
lea!tt near roOU! temperature. 111 &V•U'.'Y case. simple oxidation tlllJ)eat' to 
have ta\-:en place, with tbe product& being o!crF1tShtPi111 le(CrF,.SbaF11)2, 
and C5FjCrfi.Sh1t~ll r ap~ctiv~ly. T'.h.e dioxygenyl salt. 02CrFa.Sb2P1 h wa.e 
also studied in ome d(!!ta.11 and ,,ae found to react with IFs. Xe, and 
C6F6 to produccil IF!crF~SbaFi h Xe(CrF1tSbal111}i. and CaFtCrf4Sb11'·i1 
Table I aummari~u · t.he reactioaa diccuased above. 
5 
TABtJ.t I 
RBACTIONS or CHaOMIUM PDTAPLUOllDK 
AND ITS DBIUVATIVIS 
Crl's + car • cacrr6 (t-9) 
FNOa + CrFs 
-
M02CrF1 (1•10) 
2S1>Fs + Crl's • c.-r .. sb2J 11 (1-11) 
crr-.sb1P11 + 02 • 02CrJ1 .. SbzF11 (1-12) 
2Cr1'\Sb2 11 +Xe • Xe(CrF1tSb2F11h (I•ll) 
crr,.AaPu + CgFg • c,r,(CrF~Sb1F11> (I-14) 
6 0 
2~crr,sb1r11 +le • 202 +X (CrF,.Sb2Fu)2 (I•1S) 
OzCrF1tSb2F11 + C Pg • 02 +c6r6crF11Sb2)·11 (1•16) 
202crr,.sb2r 11 + lIFs • 20a + 1F7 +21P,.cr1,.sb2P11 (I-17) 
Xe(crr.sb2ru>2 + 2c, 6 • 2ea16crv-Sb2P11+ (1•18) 
crr5 + .SSOa • Cr(S05F)3 +S20&1'a {1•19) 
II. OXIDATION OF SIMPLE FIRST ROW TBANSITION METAL 
CARBONYLS BY PEROXYDISULFURYL DIFLUORIDE 
Simple oxidation of metal carbonyls ia one area of carbonyl 
chemistry that has received littl attention over the years, deapite 
the attention gi• n to general areas in carbonyl chemistry. As early 
as 1905, it was observed that interaction of F (CO)s with Cl2 or Br2 
led to v ry pure FeC12 or FeBr2, respectively (17). Later workere 
(18, 19) were able to control this reaction, and the first carbonyl 
halides were produceds 
Fe(C0)5 + X2 - Pe(Co),x2 + co, x - Br,Cl,I. (I-20) 
Subsequent work with the simple carbonyls of Co(20), Ni(20), Cr(21), 
Mn(22), and V(23) showed that with halogens oxidation occurs to pro-
duce a metal halide, but occasionally a carbonyl halide could also be 
isolated a 
Co2(C0)9 + X2 • 2CoX2 + 8CO (I-21) 
Ni(CO)a. + X2 • N1X2 + 4CO X•Br,Cl (I-22) 
Mn2(C0)10+ X2 • 2Mn(C0)5X X•Br,Cl (I-23) 
Mnz(CO)u+ 2X2• 2MnX2 + lOCO X•Br,Cl (I-24) 
2V(C0)6 + ·3X2• 2VX3 + 12CO X•Br,1 (I-25) 
2Cr(C0)6 + lCl2•2CrCl,+ l2CO (1-26) 
Other reagenta will alao oxidise metal carbonyls to metal salts. 
Acetylacetone (24) produces metal a~etylacetonatesa 
0 0 0 0 
1t 11 I I 2Cr(Co), + 6CB.3CCH2CCB3 • 2Cr(CH3C-CH-CCH3h + 3H2 + 12CO (I-27) 




02 + N20~ + Hn2(C0)10 • 2Mn(C0)5U05 
Oxidisin acid• (20) alao produce metal salts: 
• 2Co(B09)2 + 212 + aco (1•30) 
so1 baa bun r ported to react with aoM carbonyl• to yield 11etal •alt• 
(27)1 
2803 + P (C0)5 • F (C0)3(S03)1 + 2CO 
4so3 + Mnz(00) 10 • %Mn(C0) 1(so1>2 + 4CO 
But not all carlM:myla reaet1 
1600 
Cr(CO)g + SOa • No reaction 
(1-31) 
(1•32) 
baplea are aleo know vbere orgale (19. 28) or ino-rganie (29) halide• 
will oxidh Pe(C0)5 to produe J'eX21 
Fe(C0)5 + 2CC1~• SCO + F Cl2 + C1Clg 
Fe(C0)5 + 2CuC12ace~onecu1C12 + FeClz + SCO 
(I-34) 
(t-35) 
Thia listing sumaria•• th work dc:rne invol·d.ng the oxidation of 
airapl first row carbonyl.a. Peroxydisulfuryl difluoride baa been ehown 
to react with the earbollyl• of lio(30) aad W(31) to produce Mo02(803F)2 
and WO(SOsl), reapectivel71 
9S20,ir2 + Mo(CO), • Mo02(S03i)2 + 8S20sF2 + 6 COz (1-36) 
(1-37). 
It should alao be ooted that the reaction of s2o1r2 with Mo(C0) 6 is not 
as a le a preaent d in 1•361 aa another uncharact~riae4 product waa 
pr sent. 
The fact that S20gJ2 reaclily oxidiBed Mo(CO)s partially to it• 
highest atable oxidatioa •tate1 end W(CO)g totally to its bigheat stable 
oxidation atate. botb :ndiog aa fluoroaulfatea, uggeeted. tnat Sz06F2 
would react with Cr(Co), and other first row carbonyl• to yield fluoro-
8 
sulfates. Most fluorosulfates of transition metals are prepared by 
metathesis reactions (32) of anhydrous clorides with anhydrous HS03F, 
or by reaction of the metal with anhydrous HS03F (33): 
Cu + 2HS03P • H2 + Cu(S0 3F) 2 (I-38) 
NiS04 + 2HS03F • H2so4 + Ni{S03F) 2 (I-39). 
Their synthesis requires the use of excess fluorosulfuric acid, which 
must then be removed from the solid product. The use of the volatile 
s2o6F2 avoids this difficult process. In addition, the production of 
higher valent fluorosulfates is possible, as s2o6F2 is a potent oxidi-
zer (34), while uso3F is not a strongly oxidizing acid. 
The simple carbonyls of vanadium, chromium., manganese, iron, and 
cobalt were reacted with s2o6F2 • In each case the reaction proceeded 
smoothly, and a fluorosulfate was obtained as a product. These reactions 
were tried with and without a solvent, C7F16 , which was found to moderate 
the reaction somewhat. In one case (Fe(C0) 5), the use of the solvent led 
to a different product than that obtained from the neat reaction. 
Generally, the solvent dissolved both the s2o6F2 and the carbonyl, and 
the product precipitated from the solution. Vanadium carbonyl reacted 
to produce VO(S03F) 3, which had been previously prepared by reaction of 
VOC13 with s2o6F2 (35). As anticipated, chromium carbonyl reacted to 
form Cr(S03F) 3, which has previously been prepared by the interaction of 
so3 and CrF5 (c. f. equation I-19). Manganese carbonyl reacted to form 
the new compound Mn(S0 3F) 4 • Only Mn(S03F) 2 had been prepared (32) prior 
to tbis work, and that by metathesis of the anhydrous acetate in HS03F, 
although MnO(S03F) has been prepared by interaction of s 2o6F2 with 
MnC03 (36). When reacted neat with s2o6F2, iron carbonyl formed the new 
compound FeO(SOaF). Pli.or to thie work, Fe(S03F)2 (32) and Fe(S03F)3 
(l7) had been prop red. Wb.cn the 11ol•1ent C7P16 was uaed• however, iron 
carl)onyl react d to form fe(CO) (S03F):z. tbe firot kaowu carbonyl 
luorosulfate. ''!bis compound v a found to decarbouylate rMdlly to 
yield pure fe(SOs'Fh 1n a manner analogous to the iron carhooyl halides 
(18). Cobalt carbonyl formed Co(SOsf)2, which h s pr•vioualy been pre-
pared. again by metathe ta of th ao.hydrouM aeetae (32). 'When re cted 
with CoCOh however. 82011'2 forrav CoOS03¥ (3S). Nickel C&i'bonyl waa not 
tl!'ied because f actl:lttes wr not available for the safe handling of 
tbia cowpeund. the r•u1ctioas a:re aumma.riaed in Table n. 
REACTim s or METAL CAtmonns WITH 
PD.OXYDlSULJUllYL llU''LUOUDI 
?V(CO)e + 17Sa0eV2 • 2VO(S03Y)s 
2Cr(CO)a + 15S201 2 • 2Cr(S03F)1 
2Fe(CO)s + 13S201F2 • 21e0(803 ) 
le(CO)s + 2S20g1'2 
C7P1g 
• Pe(CO)-.(S03 
eo (C..~)e + lOS20gF2 • 2Co(S0al')2 
~!nz(C0)10 + 14S20g?2 • 2Mn(S01Jr),. 
+ 12COt + 14Sz0s 2 (I-40) 
+ l2C02 + 12S205P2 (1-41) 
+ lOCOa + l2S205F2 (I-42) 
>2 + COz + S20s1'1 (1-4 ) 
+ 8CQi + 8S205Pt (I-44) 
+ lOCOz + lOS205F2 (1- 5) 
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ll't. THH VIlUtATtmlAL SPEf..,'TRUM OF CHROHYL 7LUORIDn 
Althougi\ t :Wfr rod pectrum (37, 33) of chr yl fluoride bu 
fluoride ~o have "'2v ayrawtry in the t&U plwee (41), au.d to bQ a 
fluorine-briug•il dit4er in the solid phase (42). It vu of int~r at to 
investigate tbQ liquid aud solid phaae ~ spectra of chroayl fluoride 
to dcteruin the ~try of the. ROlecule 1n the liquid phue, and to 
dirllera in the a pba. 4 (43), so that d1tr10re are poe ible 1c th liquid 
with C2v symmetry. 'l'ho solid pbas ~ ap ct rum ohowa clulracto.ri tics 
of a fluorine•bridged. species, a· fotmd by :1.-ray d ffraction (~ 2). .,  o 
~·ri.dunce for dimer uas found in the liquid t>haae. 
I\'. nm tNTEll.ACTIOB or STRONG ACIDS WITH 
CW\OMYL TRirLUOROACETKl'E 
Recently, the strong acids sso,r awl HS03CP'a have been shown (44) 
to readily substituce for Cl in U.2Snc12 to produce Ra,Su(S09i')2. It 
1;eeued reasone.ble that tboae acids could be zc.d. ·. to r act with a suitable 
u 
tuuad of ama Cl:OaCla .. tbe •tutlq ch....,1 ..,..ad. Ct0a(cr1coo>2 
vu •••• • it f.8 mo4er•t•11 •ta•i. ocl far 1M• wlatll• •ha 
Cr0aC111 a fMlOI' vbS.01' WI .S.•f.nd U order CO eiap1lfJ tbe work-"P 
of ct. na•U•. VS.th cr01 <cracoo>1, clt4t •·aona act.•• uo,r aact 
ltlOacra naotetl ..,.,bl1 to fa• cu con..,_.ua aroarl ~ •• 
"•COOJl• 
CrOJ(Cl'aC00>2 + 2nso1r • CrOt<so1r>1 + 2cr1COOB (1-46) 
(l-47) 
Chnaf 1 fluoso•ulf•t• Md lJea pr.,... prerioua11 "1 intet"acetoa of 
Cl<laC11 -" 1t.0tra (4S), ad by nacctn of Cc0a•1 •d S0a (46). 
Ch.,_,1 ldfluonmeth11nlfonat• had oo• It ... report .. ps:nloul:r. Vicb 
nitric. ad.ct• CwQa(U1COO)a eagaau iA a e..-pla cuotion ia that two 
cliffel'-eat or-.,1 ·~ .... fo._..1 
2croi(cr,cao>a + nsoa • cr0a<•1>1 + C¥OaBOJ<cracoo) (1•41) 
+ lCJ9COOI 
The wlatUo CI02(10a)a bad pr:nlou.ly bea prepare4 t>1 reaetloe of 
JlaOs alMl e.o1 (47), ..s bJ suott.oa of ct0ar1 aat1 MdOa (48). Th• aoa-
wlacil• ero,e1(cr1coo> u. uot ••• pwffloul1 npon.u. •• l• oaly 
the ·aecoa4 knoft ld.xe4•U.ga4 • ...,, --.oa.c11 e.o,.c1r <••>vu cu 
fir•t atud•liaaad ~1 CHnlp0"1l4 raponed, wt it 1• •1J •&61.e u 
a e.,._t of • autwe of CrOtelt ad CIOt'1· 
Y. HlSCILLAlflOUS lftDlD 
Yhe nactloa of (CJ1C0)10 wltb C.01 (SO) _. l.2.CIOe. (51) •ua••ted 
tllat taotP-., • actd anhyflrict• of UOPOJla• nlllt hebaft •tall•~l7. 
upact.UJ 1tace ecller anhydrl-. ruot1 
4~1 • r1o1r,. • c~(otora>a 
~, + (Cf1C0)10 • c.:>a<ooccwa>a 
'aCrO, + 2110,r, • 1.1eroa<010r1>• 





liM• fw Olbes Mbl .tifluorophoapbat• (44• SJ, J)) aut1 
t._. NUCiou '"'1114 lt• of c:onaid••'-l• latenec. 
u 
It al.o ..... •-onal>le d\at 810fP1 '"'1114 ..... , witla chnalua 
•C-1 OI' ohnatua oeacatata1 ..,_.. to pntt•• aw cnwata f lun-
..Uatu, ta putlnlar C.(8011> I• 11 u .._. for euaple, that 
•a0tr1 .u1 ... Ilg to 1g(so1r>a (54), comrena tiOCl to BOS01I (55)• _. 
Gaeta to Ga(S011)1 (J6)t .. , otlta at.UK nactlou •~• tt.... ('4). 
It •M lt.ottMI Oat ... •lhft •thocl could M f oaa4 to ..._ 1••1• f&'lDti• 
tie• of Cr(I01r) 1 • satkes ctum ebe •••••Soa of ec1 -4 err,. Jn ca... 
ou. vu fotmA (la01r2 ad Cr(C0)1), but.,.. •f tllo •tboda tra..4 ha~• 
- ....... u1. 
CltOTU. It 
.,, ... ... 
, ..... •ntw. Two vacuu. apt- ...... uect i• tl\.te won. ror 
••t •f the vol'k • glue •1•t• wu und. Thia con•late4 of a ualfolcl 
conuetecl to • Welch ~Ml nca17 ,_,. ·tho uatfoU wu eoutnact-4 
of 10 • 1. D. '11'•• tteln11 aad vu connected to a two 1 .. Mftll¥J 
._ .... , ... ad f•r t•P•• t'tul u,a w•I'• Kone .. 0-5 • blab ••-- tefla 
atopcocb, t• watch wen coaaectecl Pyrex 10/SO ~ outer 11a•• jotllt•• 
TM rotary ,_, WM ,nc.cte4 wttb a larp trap vhf.eh vu cool.. 1111.th 
U41uid aitnaen. A lel .. ac t-ftOCO\&pl• ,_. waa uaau to · atcor t • · 
ftCWS• wlltcb Uully llt.US.U.tl 10•5 torr. !he YMQa M&ifOld la 
illuetra'8d "' r11ur• 1 -. 
Por ..._...al of volatile ucerial•, a al•• trap vu •lCachecl to 
tbe uaifo14 cbn ah ou ot the ta,.. the trap • wd.ate4 f • outer 
t.ube of 20 t. ». PJr• al••• to which • Koatu high vacwa teflon 
1'A1ft WU atCachd lly 8 • Pyra tabla&t •4 O iaael' tU. of 8 -
I. 11. ffn& &laa• ea4tn1 lo ••th.er Koate• hip •a.cu.a tell• •alv•. 
loch val,,_ vere •f.ppell Witb '1ra &la• 10/30 ~ Sa •T jol.ats • A trap 
t• i11Wll1'•t•• ia ftpn 2. 
J'C'r ••• of Ch• won With ucwtala vi.tel\ v.r• rucct•• twal'd 
al••• • •t•1 vao .. .,-.t• v• •ed. Thi• •1•t.• coeale&ed of 
















































































































































































































































































.) ( ! 
D 
A. Kontes Teflon Valve 
B. 10/30 ~ Inner Joint 
C. 8 mm Pyrex Tube 
D. 20 mm Pyrex Tube 
Figur_~_]_. Glass Trap for Condensing Volatile Materials 
J7 
vaew. f9P• fhe ualfo14 vu ooaa.oc.d. co • fuaed •Wea colcl f111ger 
ad fou tap•• The tap• COll•fAted of WI. ehbl••• at..i bigb Yacowa 
val.vu. Tbl'M of the t.,. u4ed. in bru-e 10/30 i outer j•t•tt, and •• 
tap oncled. IA a 6.63 ua ou&el' lvogel.ok ftttiu fo~ . ttaehaent of gas 
cyl.ta4er1. lhe vacw vu taon1t.oro4 by a ~lua Tolev c the oc&Gfl• 
gaug which watt act•cbecl to l • 1Mhd.fo14 ~brouah Cllle of tlffa tape. A 
l:L4u.1d a1tqgea-coelefil aw• t••P prott)Ctecl tl\o t'otary PUtlP• Glaaa 
era • wax• ·ued to r:aove vol tile ~a ••• •r-t• Ou botb vacu 
.,.,_.. Halocubeu 2S-.SS ll'fHl8e waa ued to lubricate tt10 joiat•. The 
•tel Yacuwa .,.ta 1• ill.uoti:ated in. figm" 3. 
leaec&ee V••••le 
100 tt1 Gla•a _VM••la. 8-Htiou 1a'Wolvt.ug tu1al.a cJNt wre 
ut reaet1w toward .glu• were .,_ la 100 al 1yrex l•• bulb• equip~d 
wlth a 12. 7 • tef loo •tt .. l>al' nd c10H4 wicl1 • bat•• tdg •anua 
tell.OD val• , tipP'ld vttb a Pyres 10/30 i iuer jotni. 
iO eJ, rued Silt.ea Vea~el. ta•1•r qU11Dlit1 react1ou tavolri.ag 
aater1ala aettstctve t.o ala•• vere nm in 80 ml fu•4 •ill-ca vend. 
The ve••el vu 9q,Ulppe4 "11b a 12.7 • tefloa •tlnar •4 • r,nx Koatn 
Atab-vacuua hl•F etopceek, wld.ch va• •ttaohe4 to the e11tu ft•Ml 
tb:rouab 4 ar*1tld ... 1. ~ •topcock .,.. tipped ntb • IJhx 10/30 i 
tauu joiae. 
40 .:Ml 199.S _fl\t9 V••!H· S..11 quntity l'MGU.OD8 iaY01Ybg 
•tu'iflla aonaitivo to glu• wro ia in 40 al fued •11ica vessel.a. 
the Y•••d.a •I'• '"t•ippeti with 5 • t•floa at1n•••• ad. wt~b tyxa 
Xorlh• blab •••• el•F •to cocu, whicl• ••ff attaehecl t cha •iltca 
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••..i. tbroup gl'MH eeale. Tk• •Copcocb wre tipped vi&b '11'• 
10t» ....... j•ira••· 
"95a1 HQ!! rrtfft!! V!!!!l•· a.-1• peataflvorid• a. pre• 
paftfl t. • JU al .._ .,_ ~1 pl'••••• veanl att\l1pped wtck a 
6v•odaw &a1is•ria1 lp.ce-Saftr ..iw ad a 1>rue 10/30 I 1Jm•r 
joiat. 
P1•rine Ula•· fluorilul ... u~ehd iu.to the ..oae1 ,ru•ure 
vueal Sa • ._ifold emuttncc.a of &.6) ma o. ». cap)t4'1" tubtag, to 
vhteh &we t•P• •4 a .... 1 pneau1'•/•aeu. P•&• wen attached. Th• 
~•P• conaisted of br ... WI YalYn • ad tnad.C la bru• 10/30 I outer" 
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Joint•h TH uatfold wu att.uhd to the fluortne tank t roqb a cop,.r 
U tnp f 111ecl vlth llOMl •P•B•• wblch wu cooled vtch either 1tcrut4 
oxypa or dry le• ia oner to nu" u ,., .. the f1uonne. Balecanoa 
25-.SS gruae vu uecl • the jotnc.. Tb8 Un• i• illustrated 1n Flaue 
4. 
~l'Y . Box cd
1 
CJ.off !M• ior 4lS.1 of aoet of the, at•rttaa 
ut•d.•1• aa4 all of tb• pso4uct•• • UI Dri-latt ch71>ox ••• uud. 
lUtroaa au vu Wle .. the purahg qat.• aa4 pbo•pborn• peatoxide 
wu a-4 u the deaicaat. ••••• .. 11 cp,aa·utia• of os.11• ••• 
pl'•••t in the diyb• ahoapn.n. a tuuc ahlOSphen 121. glove l>•s w• 
uaed to bandU.aa V(C0)4, ae itl '* eac•adlual1 ••71• aeaatti••· leU.• 
gu waa ued •• tbtl p qi.Da qeat en \l•U•• t•uk. 1'itroa•u 1• eoat•1-
uced lftcb uyga ta au ..-e larga emNlh co effect tho p.r111 o! tlMa 
V(C0)1• 
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? M • ·' • • l  ! t t b o d •  
l l l f r a n d  l l ! ! t n .  t n f r & n d  a p e c n a  • • T •  o ' b t • i 1 * 1  e f t T  t h e  r a q e  
4 0 0 0  - 2 5 0  . - 1  o a  •  t • f t i o . - l l a e r  4 6 7  a o e e t .  . .  c e r .  S o l i d  a - . i .  w n  
. . . . . . . .  . .  t l a t a  - - - a n d  U f l 1 & l d  •  . . , 1 . .  . .  t h t a  1 1 i .  ' - . _ . .  m - J  
w t a d e v a .  w t . t a  a r e  , . , . . . , _  . .  ,  t o  2 5 8  a r l .  e u . n  . . . .  l e a  w r e  
t a i a e 4  t n  a  . . . i  a u  c a l l  f i t t e d  v t t h  A a C l  w t . a c t . . , . ,  w h i c h  • r e  t r l U -
• • t  t o  4 0 0  _ - 1 ,  . u  a  W b t e . y  b r  . . .  n l f t .  T h e  a u  c e l l  M d  a  M t t a  
1 - a d l  o f  t . ! J  - .  a •  w u  e q u t p p e c t  w i t h  a  k u a  1 0 / S O  W  1 - r  j o t a c  
f o r  a c t . . - . . c  t o  a  •  . _  U . u .  t h e  t a f n r . ,  . . - t n  n r •  c a 1 A t : a c e 4  
.  
w t . C b  pol,.~ f U a .  
1 9 M  ' " ' ' ! ! •  - - Q f f t t a  W h  o h t a i a e d  C I D  a  J u u 1 1 - A A  
2 . S . J O O  . , . . , . . . . . . . , .  a • i a a  a  s , . e c n - p l l y 9 t u  ! J O  I A / ' S e  o - r  a  C O l a e r e a c  
t l a 4 l a c i o a  S 2 A  A r +  l u e r  f  n  • • l t a c l o a .  I t . c u r  9 0 •  o r  1 a o •  • l . . S . 1  . . .  
t l M d .  S a m d . 9 1  t i M  V U  • i t b e l '  . S O  - - l / . s , a  H  1 0 0  - - 1 / . m .  - "  t '  
a l t t •  • r •  e i t h e r  2 . s  . - 1 .  S  . - 1 ,  o r  1 2  c a · • .  ! b e  a - r • t a t i o l a  
v u  d e t e c t . .  l t y  a  S - 2 1  p l l o t o t a k  w i d e  - t t a u M  e l e o t r t c a l l y  e o e 1 e 4 .  
T b •  p b o t o a  c o u a t i q  _ . .  w u  u M .  S . , l u  w n  o o a t d a e d  f a  J  •  
P y n a .  o r .  w b e a  . . . . .  . . , .  f u a e d  e i l i a a  . . . . .  A l l  e p e e b a  " " n m  
t t y  D r .  T .  K .  L o e l a l !  e l  t t a  O n a n  G r 8 " a a t e  C • t • I ' .  f t . a  a u t h o r  • t • l l u  t o  
t h a t  D r .  L o A r  • • •  h u  • • t a t • • ·  
i . .  _ , , y  ! l ! ! M ! •  • n s s r . • ·  T M  t J . u o r t . •  m a d u r  . . . . .  ~tc 
r u o a a a e •  s p e c t n  w e n  r e c o r d e d  o a  a  • • d a a  H A  1 0 0  b t a ' h  n e o l u c t o n  _ .  
. , _ t . . - t e r .  f t •  r .  f .  f w e q u e a e y  . ,  . .  9 4 . 1  ·• • •  _ .  J ' n o a - U  , , . .  u a e d  
u  a  a t e n a l  n f • n a • • ·  A l l  • . - e r a  . . . .  n e o r d e c t . , .  x r - .  a c . . - . u •  
o f  t h e  V . i : n n t t y  e f  l d a b o .  T h e  a u t h o r  w t - .  t o  t l u m k  l ! l r .  U r a o h M t u  
f o r  M . •  • • U t a e e .  
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Ult.Ut'Jol!! lp.atn. Ultravielec _,..tea wue l'eoosled oa a CU, 
111Nle1 14 nOOl'dioa •PHtftMtff O'NJ: t!aa ua&• 750 • UO a. ror ••t 
• ..,1 .. , •to1led fu ... •i1tu ••lb ••• uec1. TM•• had • padt 1-11' 
of 1.00 •· 'fer hf.11'11 ttMCti'ft uap1••• • aale4 faed eili&• tub• 
(of paa 1-th I e) • • 40 .i fu-' etlle• r..ctoa ..... 1 (of pan 
lnada 40 -> •• .... 10 ••&aia tll• ..,1.. tile nfe...- u dt.e•• 
apeetn •• 1.00 • ef watew. coacatM« ta _. ef a. •••Md .su.oa 
oelle. The ue of tbeM wn1l ull• wu MOMM~ to pn._t aponff 
of tlla .,_,.., _.. ia#••ttaattoa to a. ae.oeplMan. 'l.1Wt t• .. c 
poult>le vtth tl\e uact.d .Utea •Ila• Thu aetllod. wu ._,., t.1 
naailla • ...... N11Pl• of C1-C11<•a>t la '°'h a •Utee tulle •• ou 
•f-. •tc:lle4 1.00 ea ell.lea cell•·• ca ttotll _. .. utng • 1.00 • 
atlla u11 filled with vah• u a ••!••••• keepc. fa dt:ffc••• 
ta lateuttJ. CM •PMha e1/ttatutl f.- tile - Mtllod.a wer• f..._ifHll. 
t_,.• !e!Stra. 1-T., ,_. ... apeet#a wan eC.Saed oa • ._rel 
llMtric DD-5 ,_..., ... c:a •taa H !U•uu C. 1.• a l'ctattoa. O.J • 
Ltad..a eaplllut• wn ...s to centaiu • ..,1... ..,.._. tt.H wen 
t••r-117 ,._. hean. !le •tllod wu e.lti>wa«ed hy •auing tlM ,_ .. r 
•P•lr• •f kaon _,.... ia wieh th ealedata4 • nl9N wre fOtatMI 
to .... with .... p81S•Ud AlllC YalUM. la dd9 work .1, ftrJ ..... 
(ft) ....... (•), ......... (•) ltau -· ..... ted. 
!fll!!d•, lul!JIA•ll!~le... 'tlqaectc --.&Oilitiea wee •tef-
td.Md at am\1-1 tt_,.ntue at.a tile 0..J •thM. All A1plta AL 7500 
••hi" coei.4 •pet pffft...a a .s m ftew, a4 a u .... th t.alaac• VM 
.... to &6tala •lahh to t.01 911. The ....,, • .,.. .. , .... ta a 4 • 
O. JJ. JJna 18e, aa4 Ille ft•ld,,.. oa16ttate4 utnt ·11Co(8at),. IM 
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11UCepd1d~1it? VM eal-1.aUtl f.- data eupplt8' ' ' Cet tea (S1). Dta-
M8Mtk aonecttou ver• aade Ulla& P•oal •a amataat• (51). fte 
eet ae chHkad '' detendnins th4I •pwtlc _ _,,lhili&J' of 
C.SO.· SBtOI the •&1• etaiae4 •awaed wll wttb ... p8bli8hed •al•· 
'V•l!F f~Me•• v.- , ... _... - ......, u a fuutl• of 
capa.wr• tor *• lifplU ~>',Aa711 '7 ell• •cho4 of Xellon-' 
CM7 (5t). Al\ .ii-tu.a etltoa ayac. waa coutncted a4 tlw crP-.•1'11 
- taued.... _..r lltab ••• • n.. .,... wu th• ••tae11M e tile 
llu• ...... u... Vartoue -h of hell• were iatn4ueed ueo tblt 
..Uo14, _.the lt4.1at•'• Milba ,.., •• .... ., .. • • .fuaetioa of 
the pnnae of tlla lMlli• 1• ... r Che: licoU• Pnuuru ..... MUQftd 
via u.tl\etomatn, ad tapefth'l'U vlttk a&~•· Tb• ~•fer-
eoe Juaeti• .,.. o.... Twat,...ts na4iap wen taken ••r a ,.,... .. 
ta• nqe ef ZS • 250*, -4 the aea nn fitted to e 11" •ia Claa 
aetbotl of i.uc fJflUU•• fer vlatch • UM 11JO dtgtad ceeputu wu •Md. 
The propa wa wd.ttea by en author _. ta inelwtad ln the ~ta. 
The latat i..1 of Yapod.uttoa aad tbe •t'°" of •apod.utU. wan 
calcu1atM fr• cllt. 11M'• ei.,. a4 ,....t.erHtt • .i. ... 
!lt.ltbl fOi!~I• Wel.Ciag pof.ab for H114 • ..,lu ftl"e CU. -
• Mal-t•p •l•tas potl\t .,,....... ~ aapl•• •I'• ...i.. .. aelttq 
pota.c hbee mul•r tcnaea. n. •ltia petat of 1tqut4 crr,s1a1r11 wu 
4ehl11lM4 IJ)' ota..m.e1 tlt• alovwandag of•,__ ._,1. contatud 
ta a 40 .i fuett •tllca reaettoa wue1 uade• ........ 1'11• '•th vu • 
•i•tore of tddtlol'oet117J.eu aa4 417 tee. a4 le •• a~taiu4 la a acrtp-
dlYeru •--· The ..,_.•tur• vu -.leered with a tbenocnple. 
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MoleeulaT .V.1jlbt•• Mo1ecvlal" WUgbtr.I wer• 4•Hl'lliM4 oa ·~ 
welNlt 1iae 1l1 ~he vapor deaait1 aotl:iod. A 100 .i Pyre 1'nalt.. •q.upp-4 
"1th • lek ud llr•b• ld.gb vacuwa tatlcm sto,cock vu ued. 
cmtcal AMlz•~ 
Cbeai•-1 aulyai• of the 8'Jlid pn4••• vo perf•IMfl tty loller 
Micro•&11ttul:iu Lt.boricort•• ,,.ttiftl••• w. Gtmaaay. hapl•• fos 
u.al,.•i• •T• M4a up to 6 • o. a. '7na ••••• -4 n.- aea1e4 ade~ 
!;#•ae••. . 
llot:oaf lr1!1nrt4~h Joi-on trifl•ride vu ol>talaed froa Au ti:o-
4•~• -4 Speo.ialtiM., ac.t w• pvrtfad by paaaage throuat~ • 4ry ta 
..... t .... 
PlJ!t:&Eou• .P••tefl!trt4•• :fb,04pboroua pe9tafluortde n.a obtaia4 
frcm hDtMUlal" Ch• t\.Gs•nh ud wu pur.ifted by Pd•a&• t1u:OU;9l\ a 417 
1.:e cooled 1:W•P• 
Cetl,m: 1'1•tl4•• Aahydt"oua coidua flaorl..t. vu eb··t4iuo<l fra 
P~•a1a# Chas bseat:cb ad vu 4rie4 1'. ft•cue •t lfJfJ/' ·tmedt&c•ly b.-
~J,~g1 •. ~a:u1d·•· t\ crlllt4•l' v•• ohtata.u fl'Of.a o.1ark~..an.s.1. ·n. 
au •• belt\ ov~u: •tail •4 41••U.le4. from • trt•P •t •71° before ue. 
:fel!!Pl!X ~t.a!loor!!!•· lint.i=n.1 ~nt4fluoride l!aa obuiued f•oa 
f'enl••ulu Cb• ~uearoh. 1t vu duUll•d oato d~ fiaf • ad d.t.ac111•4 
,.,_ IMI"• c1li"4UJ ioto· ttw r•MtlOll. vu••l M oae4ed. 
9!%1.ff• Oxygen ws aupplled by hathet10Q. tt vu ·dr·1ad by ·pu••&• 
t~ougb a trap at •19•0 • 
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&!Rt!! R x.oa. leManh p.U klyptoa ad unou .,.. dtdaect 
fna Air Producu ad S,.ctaltiua ·atMI var• uea • ftca1vect. 
l!tn19. lt1•1• vat •calaH fr• 11.a1heeoa. It ,.,.. urttlecl 
by pueap cll-.ab •trap at •lt6•. 
Mgffloorot.ea5eae. llaafluo.robeauu ........... f~oa reatuulal' 
Chn ileaeacll, aa4 vu ··~- •t•tillad froa PzOs befon ••· 
l!Aiu P•tafl•rict.. lodl•• pantafluol'lU vu obtdaed fro. 
Allied Cheaieal ad vu •••ua 4t•tillttd before ••• 
;-~ leufluoJ!'4h tuaa••• beufluori.4• ... obuiae4 fffll 
Oauk Mehoalq. lt ... con4••e4 Gilb • ., •• , -· ••c- 41aCUle4 
•¥•!! tgi.E••· lulfu I ... ec.ained fl'Otl Alliacl Che.teal. lt 
.,.. tr1p1J vacwa 4tacillH ll•f•r• ••· 
••PV4iftlfun1 Dlfl•D:•• hna,dUu.:u_,.1 cttfluorttte wu 
•b••~ucl .. • 11ft tu. hof•an r. Aubke, »epan.eat ef Ch..tacry, 
Uatftraity of Bdtillh co1.-1a,. whop...,..•4 it .... tta11J a, dle 
•tbod of Du4lq u.d ca.17 (60). le vu ptni.f:le4 b)' waahiq vi.Ch CODCM• 
t:ntad aaso,. pnlonp.4 paptq at -11° • .U finally vacwa CU..t:illatioa. 
P'oo•als OcSUf P!!Xl• McoNl• caw"'1y1 of tSI purity vu 
GJ>tataed ft-• Alplla/Vea1no. lt va ~eel ..ier •icroaa aa4 uatMl 
lee lnt9car>ez\• lwoa aatbnyl of 911 patty -. obtaln4 Is• 
Alpba/Ve&l'Oa. 11 .,.. ••-- 41•Cille4 4lnct11 to10 cha nation u 
aud•d• and vu pn&eoted fnD li&kt at all ~1-•• 
~- CaD;oazl. Chl'old~ besaurboay1 of t-51 pult1 •• obtatuct 
fna Alpha/¥•&~· •4 W• UM .. l'•Cetftd. 
V'9.f'Mll. Ce.:k!m1&• VWl4lua h...Ooayl of 901 pwit7 -
obtained. fros A1pba/Yeatron. 11 ••• opened ad hudlM ecler heli• 
ta I glwe bag. tie pudf1cat1 a ft8 act le • 
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D18fM!!t•• DeS!!frhooYl. Dluapnu• decacubonJ1 of 961 purlt1 
_. obtai.Md fna Alpha/Vencno. lt vu haadled under n1tt:oga, atl 
P•rflerft¥UB•· Puflaoroheptaae •u obtataed from P..W..ula~ 
Cha ttueorcb. It vu Yacwa 4tattUed fro• phwphorous peatmdd• befowe 
... 
Ch!!S\9 tFioldo. AulyUo-1 r.._t chnelua trioalde (Malliaclt• 
ndt Al) vu uee4 after prolonged dJ:yiag at 100°. 
troa Mat.buoa, Coleun• anti Bell to. lt •• 4r1e4 Oftl' pboaphorou• 
peatox1U and 41stlll•d before ••• 
hlfluo1oeec.hzltulfpic Ac14. trlfluoroaetb7leulf oaic aa1d vu 
obtaitled fl'Oll Peatu.alar Chem lteM&ridt• and vu wuuua 4fAc111ecl befon 
••• 
tr1f1uor9Mtl\rbulfoaz:1 Anhxdrl4•• trtfluoromecb.y1aulfoa71 al\J-
4r14• ••• o-i.tained fl'Oll 'holanlar ct.a leHarch, ad vu 8817 vacua 
.U..t11le4 ~•f r• uae. 
ll\O!!•ll1£upc Ac&4. fluonedfurlc acid wu o ,tatu4 f IOll All 
Cbealcal. ad vu d0\lbl7 dist:1lla4 •4er at&rogn •fore ••• 
!&t11c Astct. Anll,.SMU nitric actd ••• prepared from Ma1U.aokro4c 
681 acid •1 t.be method outlined tn •~&Ml" (11). 
h£0eboaeboR1 T•St!f 1~~14 • r,rophoephoryl tetrafl•rid• wae 
obt:alned lroaa Caark Mah~. It vu doubly vacuua cltetllled "-f ol'e ""• 
1.1 
7otueiua Ch£!!!••• Anal1ttcal r••aat potuatum en at• 
(MallSacknclt AB) wu uau without fwthtaw purif1catlon. It wae dried 
ia W&eUO bnledtately •·fore uae. 
AcecoeJt£B!• Aeatonit~ile waa obtait&ed fna KaUUckntlt, 4rta4 
owl' pboapho'l'ou pncoxide, aa4 • ._. 4:1•t111ed before uae. 
CbnaJ.ge. Powdered c.lmnd.m oJ 99.Vtl purity wu obtaiaed f~oa 
Alpha/Ventroa. aa.t vaa uaftd u neelved • 
. 9'99!9 hichlguu. Anlly4ff\18 chntliua tdchlo-rtde of 98% purity 
u obtaiMd f~ Alpba/Veutron. IC vaa drtecl 1a •acuo t.aed1ate11 b•foce 
.... 
Chr!B• Dtf}.uo1tldf• Atthydrou c.~ di!luoi-ide vu obtain-4 
from ltuearen Ol'gnic:/luurc'b Ion1atc Cbelld.eal•, and wa• riecl in 
vacuo s.ed.tately befon use. 
D
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1-Jbzl Sulf!Sd.e• .Aaalftlcal reagent dJ.aethyl wlf oaid 
(*1Unckro4i AR) vaa drted war 110ltteular at-. befne ue. 
Ith!!• Anbydrou ecbcc (lfalltaobod.t Al) ••• waad without further 
puri.flcatlon. 
C&P!e TatracbloS.4•• Spectroqu11t1 carbon cecrachlodd 
(Mall1aekl'o4t S,pectrAI.) waa wo4 wtihout f.nhttr pt.trifiutioa. 
QlJ!1'!!1 · £•ul•fl9~&de. Cllf•l• peatafluortd• vu pr · attd 
•••onti.-1.ly t..y tb• Mtbo4 of S11Ynik a4 £_.,,. (3). Uaully, al>ou 
2.0 mol of •'C'J err, vu loaded tnco the aael pt'•••ure ..... 1 ad euoug 
pul:'tf tecl fluorlae to s•aer•t• 45 ·&ta pr .. aure at noa te_,.rature vae 
coa4-..ed oato ic. at •1968 • TM waael WM .UowtMl to wan co roca 
t•mpu•t••• ad tha alwl7 btsated to 300°. The taperatue ••• utn-
cat.ud thew• tu thl'• hour•, tbee the veeael vu allowa4 lo cool •lovl7. 
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Tbia ve•••l vu chea eb11le4 nth dsy ice and the excu• fluorta.e ••• 
veated in a hood. The ve•••l vaa attached through a trap to the •Cal 
U.ae, encl vbtle attll betas held at •78°, vu pumped oa for au hours 
to reana D fr• the procluct. The purified CrFs waa thee vacu• 
-diatillecl bto aiU.oa reaction ,,.. .. i.. ae required. 
Clmazl tr!f lUOl'oac.tate. Chroayl trifluoroaeecate waa prepared 
by the •thod of Gerlaeh eel Caret (JO). It wu uae4 immediately after 
it• preparation. 
Cht!!f 1 l'luori~. Chroayl fluoride vu prepared by interaction 
of. ClF v1tb. Cr03 at noa teaperagure. After raoval of volatile• at 
-11°, the end• cbro.yl fluoride waa purifi-4 by vacu. diatillatioa 
onto dry Mal'. where it vu held at room teaperature. Before ••• the 
•torage ..... 1 was cooled to •788 , Md thorough11 evacuated. The 
e.hToayl flUft'id• wu then traaaf•rred into tuba by vacuuta sublhaation. 
!he a'bev• aethod waa developed. b1Hr. P. J. Green of thie laho•atory. 
a.4 u apectM to appear tn hi• tbeata. The author vtahea t• thaak 
Mr. Green fo-. hie ••iataace la the preparation of ehnrayl fluoride by 
thi• •thod. 
THI VllUTIOIUL Atl'O ILICDOllt.C StBCT OJ' LIQUID 
antoMUJM PBlftAl'LtJOllDE 
l!.t;rot!uctioo. 
Although. ...,.ral other pnpel"t.1•• of ch'l'01dua petaflaod.4• have 
'bean ptil>ltehed C•, 7), no 4ata mwe bun proYtde4 ea 'the 'ribratioaal 
apecttmt. tafrar•d •• ..._ 11PUtn U.. ••• ••corded for &be lt4u:ld 
u4 are reported 1-r•• Th• •PMtl'a are ftulttatlftlf ftT)' abilaw to 
thoae obtained fotr liquid n 1 (62). • obH"atlcm that 8heu1d ut be 
n_,,ri•tQ la .t• of tltetr tdactca1 aolid •t•t• atncturee (I) ad 
•tailer 'lf01attl1t1 .. (6). 
Vibrational. s2e,e_te• 
Jt!2•i:t.nta1. Liqutd err, wu nu neat becweeu i=.u-s wtndovs. 
Attack vae ot. anrectab1e, and good quality infre:ted •peoti- ruulted. 
Good quality ~n trpectre wer obtained fr• liquid aaple aealed in 
e silica tube. th: · spectra 414 not 8PPMI" to be t•p•r•tut:e d pfn'Uhmt. 
u tto chngea we'l' noted 1ti epect.ra obtaine4 of heate4 •apl••· Th 
samples were h•atect' With • ho~ dr gun. ad no t-.e'tato1' control o• 
•r.mieortna waa attempted. Tho apeet-r• an 11ated tn Table ttt. 
The iafraTed peak at 475 .. -1 wtU be cou14trted ff.rat; thia peak 
ts f.n the fluorine l!ld.4&• boftdt.1 raaf.oa (63) 1 cd the fact that lt te 
-rather etron1 hs the 1nfrued ta an t'Aftcatltm of ati-oq fluod:u 
hrtdgintc (63). Thia n.ggest• that CTf 5 1• po1"4fH"h ta the l!crotd acat , 
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TAIL& 111 
Vllu.T101W. lflC'rAVH or LIQUID CUOJflUM tDIUJ'LUOUDll 
ta ,,.~~2 .. !M ,.-12 JU. hobable Aa!il!!!!t 
14.54. (w) 780 + 670 
1270 (•) 780 + 475 
U28 (w) 7JS + A7S 
ll9.S (•) 7U + 41S 
U20 (v) 670 + 47) 
1018 (•) lOS + 41S 
t.SO (a) 2 • 47.S 
780 <•.•> 180 (o). VU"f Cl'f (aaial) 
7.SJ (a) pol v•)'la Cl'f (axtal) 
71S (•) ~ .. ,. e1tr<e.i> 
670 (•) 
'" 
('f•) pol ,..,.. crr(eq.) 
475 (e,Ybr) v cr-r-cr 







(a) 6 err 
115 (a) 4 Crl 
240 (II) 4 err 
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aact1y •• found for tbe iaostN-etoral vr1• The autbor pl"'evioulJ 
att•ptM to ••iP. the apectt:a to Ml\OMttc mlectll•• of Dt11 01' c.,. 
,,,..._t17 rithmlc:. MCU••• end f aele tuc • 4trect nomal -4• aaatp-
Nat to sueh a .,._.'tic •t-t•4d.ee ia not. ,oeatble With tbue data. Iota 
appnatm.te gwoup 'Viltratioa u•i-.Uh caa k u4•• ••~ re.tilts 
from the atm11ar Mleculu w1 (62) a4 SllFs ('3). 
·the b-4 at f80 .-1 1• at1'oag 1n the t'i\fnred epecttua aad of 
u41um tateutt., in th• ~ apee.th'Ce. lt ts not polati&H, aa4 there .... 
fore 1• pro~ab1y • uymet!rte Cr•"f •tnttch. The peak at 75.S cm~l i• 
ab•ut in tb.e infW"ue4" •d u po1ateed. !.t t• 'tbereforo • .,.1 qaole• 
ead uy be uelgoCM.t to a ~•t'l'i4 cr-r etnteh. fte peak at 715 Cl!-1. 
boua ahaeat tn the a.an. 1• probably a ~ad a~trtc etr~tch. u 
it 1• •till ta t "be Cr-1' etHtohina resloa •• fouad for CT021'2 (c. t. 
Ch4ftow Vt?). '.For tbe • ._ ..._ •• the peak At 610 a•l (66$ ··l in 
t.be lea) aay be uaf.aaed to a tr-J' &t1feteh,. but atace it 1• •trongly 
polct.tsed, it IU.d:t be a nocmd .,_.tl'ie •tntch of Aa .,._..try. The 
peak at 475 ._·1, u ••tioa-4 earlier. la probablJ a cr-r•e..: b1:id;e 
boo.4 atreteh. Thuo •tl'etcba• occur at 4SO o "*l in Slir5 (63) sd at 
oout JOO .-1 ta Ml.ta of vr1, m.r9 •d ·t.r1 (64). ld.cfge \toad •tl'•tchu 
an 1enarally ••'l'Y -.at ta ttt. IUMUl opect~ (64). and ue qpareat11 
aot MU ltere; ktwffft 420 .-1 a4 SOO ea·J, howe'ffr, fluor•ecea.ee 
fna the e11te• W4ll mask.84 all pub, M weak $MMIU My k J>i'fUlet\t ta 
thi• i-eaioa. at lout ln the aa.. tpeet1u1:i. Aa noted above. tbout.;\., 
none is to k apeec.4, u tld• i• th• area of fluorine brld&••· Below 
400· a -1 •ever41 aullu peake •• okuw4 tn cbe a.an apee.tr.•. 
111••• mq h• ci-r defonatl.at •• they ue oppronlaltdy 1a tbe correct 
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..-...._. The puU at JIS •** Sa th lnf••r..S, _. •t 240 •*I la tb• 
._ .- •1•• P"-'•b1J c..-r dafoaactou. ta e1t01r1., C1'1 .. fonact.-. 
oecv at 110 aa.4 295 .-1 <•• f. CU,t•r 'flt). 
Won•"'• (61) ._ .iu.. cat, t• &tMt * 1>n•1•• ,.1,..1' O>uc 
aet ta • !•a-. bwldae4 ,.1,._>. tw •eparate .. ,_ado •• .,_.,rte 
atretchM •• co i.e _,.., ••• "* ••t fw a. •us.al" ti.on. ... , n4 
.. tho fo .. ti\• "equatG1ta1• fl•rl.... ltace CW'fs ad Yrs an 111 ... 
•tnotval in O. aoli4 fh••• a4 11•• •ltdJa• .,.etr• ta the 11cuU 
phue. tt t• n.....ale ce u•tp tlle kip &...-01 M .C •f • .,_hi• 
-4 .,_tirtc atratcti,- to th• anal. f1uodaa. .. wu clODfl ta Ws.· Tit• 
lower fr...-ct\f .. t 1e then u•tped to lhe -cutorlAl flue.Sau. a9ala, 
U· •tta vr1• ft.pre S t'epha•t• po1J'Mt:lc Cds • fo-4 ta 0. •114 
pDMe (4), aatl Saflf.uc. *9 aUl aa4 ..-atotial fl•'ri••• Uot• Chat 
-11 fl•~iM b•t.•s• are eta. 
a.._al peaks ue •••lftd S. tM tdnftd •PMtna at fr•'fdnd•• 
••• IOI ,.-1. !heu a. •••iped t• netttee• aad am61utta 'Hnd•• 
wttteb an eo•on ta patafl•rl.49• (62) eel beufluod.•• (63). 
ta •-17· the vArattoaa1 epeetna of Cdt ta the llq11U ,hue 
t. ••11 •Udl• to that of w1 la CM liquid .-... lu.st1 flaort.ae 
l>•t•ana la iadicated, •• tllna u aft.dace for dle pnt- of aial 
ed ...-«nlal tl•rl•• at.... Oa «be 11•1.e of GS. ..Ueaoe, and th• 
bftl\ 8011.d ph- •t'l1&8tuh (4) crf the ,._taflwru.. tt appean tbal 
the •ttuethl'• of unat.- pataftuod.d• ta tJMa llcttlU i• -~ •f.ldl•r t• 
t'• atnoture ta che .. 1u plla•• la thet it u pl01Mdt1J a 1c&~·flaedaa- . 
1»¥"8Ml pol,_... ftlrtllu •~k ea thl• c..,..... wt11 •• uee•_, co 
bwe•tia•M da• ttnotal'• of tile ...... Yn thh, .....,U.e lafru .. 
0 - Chromium Atom 
~ - Fluorine Atom 




Figu~_2.. Probable Structure of Liquid Chromium Pentafluoride 
... 
and. ._. apectra 1'111 he nquf:nca.. u tlwf •:r• for YPs (62) • 
. ¥}utcoa1~ suet.._, 
Cw.Pi .,.. ni. nMt utq the fue« etlica ••••1 eeehai.-
d .. •tHd enltei-. Sood •l'Oetra we~• ebt•ltlM. Peak• (wtth tbeb~ 
.. ..,..t.tve teteutu .. ) wn foua4 ac 455 (•, bl'). 376 (•) • 255 <•> 
and 200 (•) •· rbe Oh t.-autci• r11 • 1a ta ._,,_, to tile pMk 
at, 45J •• ad the otber lt_.. •I"• ~•it17 chug• t-reaef er ta •date. 
!beM •• ft17 ..... 1a dl apatra, ad nn obnl"ftd at 225 and 
2so ma ta cr0c11· (G6). th• .i.etnlllc apecthll of err1 h ftfl'oduce.t 
to tba Appee4bt. 
CJJAPD!t IV 
!n!roducttoa 
!lee-• e'bnat• pencaflunU.. t. t ... nactural wt~k 'th P•t•-
fluoddu of TCtacti•, teehnict•. .asul rheal•, lt• Lewt9 ao:ld-1>•• 
behaftor i• of eon•tde1'&1e tnc.cuc, •tau M littlta baa ,._ 4ona • 
the lAwl• ecid-ba• pnperttee ot th• otheT --••• of the ,roup. Ala 
wenttone4 lo the lnb'Odaeetoa, vr5 , Tef s• ud a.•1 all .:net wttb 
fluoride toa t• 1t•ld w,· (1,), Teri (1S). _. 111r,- (16), ...,.ett.,•lr. 
It ta not nl'pd•ma tbat Cr75 "111 alao t"Met wtth •troag Lwu bu•• 
to •••Pt • fluoi-tde toa 4M fon t1le err,- atons 
ll02 + c .. ,.. • B02Crf g (tv-1) 
C.P + Cr1's • C.Crl'a (IV-2). 
-.uoa oceernd readily neow room ceaperahl'e wt.th rto1'P • Md 
at W wtth . c.»-. •it!I both t:•Mttou pnduetq brtek-"4 eo11da. ft• 
•tnmath of tho t.Awt• ac141tJ of cltte group of peataf luoridH hM Mt 
bM1l ...._ttgated, ad tide work 1• tb• ff.rat: act_,, ac •••1ltat1ftly 
._l•lGI dltl utatt.ft tAvta aetditJ' of a .eer o.f tbe •••H.• pnca-
ft.ortu llWP• Mo t•t•••ttoa •• •••rM4 with the taidp •tnns 
tw1a ac:f.u IFt ncl PY5, nt 1dtb the auoq Lewi• aei4 S1t1'9 reaacloa 
took place to yt.eld a 1144uct. Cl'F5•2511t1'1• Appa~eat1r. Crf1 ta a 
., • .._. Lewt• nu thft Sbl's• a th.ct etrueture .,, ..... to b• Crl',sb1r 111 
cr'fa + Hbf's • err,.a2r11 (IY•S). 
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It 1• f tncueat •-• note tba,t tbia bebnlor i• Uantlca1 to that •hotm 
i.1 cr011s (46). 81\d uy reflect tu •tteatth of cY-r btm49. !be IAwl• 
aetd so, t• fl•tittat.& aa4 Jl-14• s1o,r2 u4 cr(so,r)1• nuorbatloli 
of so1 eo oa11 s1o1'12 1• raark.a'ble. u n tcf cata11•t f.• uwall1 ••-
4'Uift4 C'O) • -4 yte14• the are oaly a'bou~ tos. vtth the 1'.-alader 
belttt POS02P ud S°'al't• 
ttas#!!!!!!!l 
}!f!1!rat,t2§0f Cf.C,¥1.t• !o J.6.S ..,1 ef C•V• eontat-4 ta a 80 al 
tu•..t •tltee react•i:~ •.66 mml of CrPs wu a44U at -19t•. h •hM>•Ph•¥• 
of 4'17 atttos•a WM added., -4 th• U.Xtura •• hate4 to 60•, wbere the 
r•aettlea Ml•• ad the wtc.. C.'.P beaa to cun !Jrtck-red. Tllo .Utu:e 
vu MU two 4•1• at &o•. th• solid vu ..., coapletel1 re.a, end the 
errs vapor• bad al-.t 4t.appeued. the YOl•til• ututal• were r~ 
.c roora 1-..rature hy ett&Obt111 the ..... 1 to • &1•• ttl'ap, vbtch wu 
tbea attacu4 to tbe ••euua 11.a• •4 tbot:ngh17 ••cuated. TM trap 
•• cool-* to -it&• net\ 1t4{Uid aitngea, ad th• vu•el, •till •t 
•~tee t-..rat\lr•• va opeae4 an• ftaauat.t 'by prolon1et1 ,_.ifta. Th• 
vol•Ule utafl.&b at 1:00. ,_,.l'at.ure wen ~....-ed ta ttht. umt•r, 
luvtns • brtck•Ted eo1U Mhid. 3.6! ta0l of c.err1 .,.. o'btatae4, a 
yield of 1001 .,.... • ..-ttoa IV-2. 
!.f!!!ni• ot~ ~•Ct-r1 • c.crr1 18 a ectrwly hnro.acoptc, 
Cl'Y•talliae brick-reel Mll.d • lt tUl'U yeUW-tl"eea At Oftft la eout 
atr,, -4 dtaaolvea ta atu to fon • ,_i1..,.1r••• aolattoa. It .Secoa-
PoaU at 110- vi.th t'be nolutioa of a ra4 v.,o~. pn...017 crr1• ad 
the lonatlea ef a white ru1du. lt• ••ff7 pwde!' apeotNll fA gt,,_ 
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ta Table tv. Ltua for C.1' vera a.-t. ••t tile tU.. uet. tateua 
U.e• for ·Cd)1 van 011•..,,.. u Mdtua 11... '1l the •PMtl'Ull, -·•-
ial .Ut eldleY ,_. ct01 •• foru4 bJ crr1 ••tack en the er••• aut 
of ctae YHMl• or lllat c.crr1 •ttaebd Ch• x-ray •f'Ula17 hefon ow 
dubs the x•ftf na. ft• aulJWU ruult• (Me tale 1') nn••t that 
'"- f lr•t po11•lbtlS.ty occwr.i. a Cr S.. .,, • .._ h1gtMtr Ill• _,_ ... 
(• it Wft1tl 11• wt'• ero1 pneat. •in•• ••• r..., te 52.0l) ad • 1• 
1 .. .- tbn espectad. a.-ua the reutioa 1• • •cal •••1 ""14 
p1:ot.el1 p~oda•• bett•~ aulyet• ruulta. 
It •liould he obel'YtMI, 'bovftu, ·Uh.at othc t•9Udl•I0111 •• 
eouotced dtfftcult.y l• aualrd.Jf& for fluortae i• ·lt1Cr1'1 (5). ftey ••~• 
able t:o ew &ka.t lb& uUl Mcho4 gtv•• •dou a1•&1• lon~ le fluod.ae 
ctum the aoant anua11y ,...._t. Slue IM aulf•ta •t h11n U.• 
4PPHU.tly ued Chia • ._ •tllocl• it CCNld lt• • _. ... for ttt. faec 
tuc s.a all tile vot'k wltll c\uteadua pentall•rt4-, the fl•d.u •al•• 
were comttatat1y lover tltau apected. 
i'h• tnfrae4 •s>eotNM of C•Crl', .u at•• in Tele n. OnlJ two 
pe.U vere obHl'ftd 1a the ftliou 4000 • 2'0 e1·1. The•• ecovin4 •• 
608 (Yet wb) .and 210 (la)• The 'ftlleae.• of oaly two 1J•ab ta Che 
tdtaftd ngeaua •t•n.4ra1 (Oh) a,._.17 for· a C'IPG- ton: the Ori' 
etreteha of Crl'1 baw t.eea •btftad ctwaf teld ad eollapHll to .. pea, 
COD81ateat rid\ a tTGMfer •f cba-rse to tile ehroat• of a c-.w,;· ioa. 
A...._. epectftmvu aot attcapted. Ttta bad• .tU\d pro1"1b1e •••18ftMRt• 
ae lS.tad k Table VI. 
'••m1•r•s&s of ,M1~r,. To 1 .• 1s2 at01 of Crl's• oeaeataed in • 
40 •1 fwe4 •iltca r•accol!t 18.9 .. 1 of wo1 •• added mder Yacuua at 
TAJLU IV 
POWD!I. SPKCtli or LBUIS BASE ADDUCTS or 
CMIOMlUM PIHTAJ'LUORIDI 
cacrra ,!2%Crre 
sc10·1aa2 iateneitz 4(10-a na> intan•tsz d£10-1 ma2 tntAmfttz 
• 6 • .57 • 
4.75 • l.61 • S.44 
s.u 




• (cr-0, ta1urtt7) 3.68 • 





















ABALY8%S UIULtl 10Jt CllOMIVM Pl1ftjft.\JOllDI 
LIVIS 148£ ADD'OCf S 
ff I Cr % 
' 
I 
CeJ.54.lfguaa St!e•·l!ova4 St&U·l«••' 
-
17., 19.91 38.3 JS.O 
'·' . 
6.8 14.J 26.0 53.7 46.o 
iuta VI 
DiJIAUD IPIClltl ae flOIAILB ASSl6*UTS Jft 
CUIDHIVB PB.lrl.A1'LUORDI ADMX,'tS 
V1'm LBWXS »AIU 
Pnhable 
6JH•!E.-At (Oh ad D-h) 
v•ya OlJO (t+a la J>llb) 
vaay OHO (lu la Dith) 
vu1 c .. r (ttu Sa Ob) 
4•"4 ONO (Jig. t1a n-ll) 
(Tlw .lft Old 
·~'· e.·1 l!S.:.. 
2ll!i <•.bd 
1)60 (•.b1') 




•lff 0. ta. autun was w.mod to Js° for 40 td.itut••• b1 U.lclll t.~ all 
Crr5 VApol'a b6cl diaappeaftd. The ¥Olat.f.le Mtod.aU wen W..... as 
d11cr1\l d prfl'ftou·•IYt ltr•t at •781 , u4 tll•a •t abi•t c..,.sacuie. A 
rad •olt•• e 1err, r•ataed ln the vunl. o.962 '801 tit•• iiecove'Ced, a 
yiel4 of 1001 b•••• n •cauttoa lV•l. 
P!ft!RM• of. UO,Cl;YJ• ao,err6 :t.. a cry11tal.U.ae rad aolid cut u 
h7~uptc ad. f\Daea f.• motat air. tt di•aolve• in v•t•~ co ton a 
yellow-preea •olutlea, aad decoapoaea at 142°. lie x-"ray powcler •P•ctrs 
ta 1ieto4 ta !al>le IV. Ho Cl'Os U.ue wer ob••ne4. probably bee••• 
tu 1ovn teaperat\tl'•• ued ta tlte Y•act'ion le•aened th -...c. of la•• 
at.tack. The ••l,..U nsa1ta •T• &1WA in Tabla v. the .-.. ult• for: 
ld.t.roaa. ao4 chToai• ua ••H.afactory, bllt fluortu 1a low. t -bla -, · e 
du to alA• attack o,. te th . 111.d.taticma in th6 an lyU.cal ••bod 
ha tdru•ct .,.ccrua f uo1crJ6 I• luted in tablA vt. The peaka 
at 600 .-1 u4 275 cut•i uy t>e uatgued to ·the two TS.• Md•• of ea 
-occahecl .. al err, ioa by COllP•ri•CJn wlllt cu spe¢ttua of C.Crl'g. Th• peak 
at. 2315 .·1 la4:Lutu cba preMDe• of cbe ltoear (Dllb):YO: :.loa (61. 68) 
ani 1• aa•lped t.o va111 OllO (the ta• -4•)• while th4 p ak at 1360 c••t i• 
uat.ped to WMIYI' OHO (the I& llOG•). 11 compariacm wltb the r••v1te ob-
aatnM In I01Mor1 (61). a third puk. (Jig) ehmtl4 have km o't>ffrvu uas 
630 c:•·•. "'• vu probahl1 llul:S..4 b7 the very atrcmg aa4 t-r:oa4 va1 c~r 
mo4e at 600 -.·1. A JtMan .,..etrua vu aot attapted. 
lnt•r!!Sl!A Of GJ'15 yit}l ,111• 4.96 111Ml of 11'1 VU OAdeaad OUC.O 
1.32 SI01 of .err1 ta• 40 .i fused aillu naetor at •lt6°. the mlxtur• 
wP va..,.d to iooa ceaperature ucl hdd Ck••• tintM claye. lo ructloa 
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wu evident. l'lte volat..tle 11.ateriale t."QTe rem.ov~d as d r.terib4d previoualy 
while the 11ea•el vas held at •78°. 'ftle BFs was quantit•tively recovered. 
In,teraction of CrF5 with PFs. 12. 72 muol of f Ps t..r s condens d 
onto l • .S2 -.el of <:ttF5 in a 40 al fused ailiea reactor held at •1% 0 • 
tile ateriale vere removed ae described pr viously while the veaa 1 was 
0 beld at •78 • the 1'F5 was quantitatively reeovered. 
Preparation of CrF~J'11• SbF5 waa condensed ot:lto Cr1s in a 40 ml 
fused silica reaccion vessel held at •19&0 • AmGunts of each ~eactant, 
aud the amount of product obtained are given in Table VII. On w ming 
to roou temperature, a reaat.ion occurred, and a deep red-brown solution 
resulted. ':rile reaction. was usually over in on hour. The excess SbJ'5 
wu removed by pumpina throush a trap held at -196°, .leaving a alightly 
volatile• deep re.d-brOWtt liquid behind. 'fhe weights corresponded to 
Cr75•2Sb15• Ia uo caae waa Anytbing other than SbF5 or tr cea of 
product ob erved 1n the volatiles. Atteittpts at r .moving more SbF5 f1'oa 
this 11q•1d (and perhaps preparin a 1:1 adduct) by heating the ve ••l 
while pUlltpiug through a -196° trap c.auaed th.~ 2tl adduct co distill 
uneha.nged. No atte11pt waa u~e to ayntbuis the lil adduct by inter• 
aetioa of excaaa Cris vitb SbF5 1 as quantitie of errs w r limited. 
'rho• intending to reput this work., or prepare the 211 adduct should be 
aware that the reaction 1• quite basardoua; tt•e t1Cltor experienced five 
aplo•1•a ia rurud.na tbeaa reaction.a. Volatile r1ater1•1• fro• the 
0 transfer ot Cd'5 interact 'With SbP5 at •196 (in. the 'Vacuum l1n trap) 
to i>rocluctl a tertal chac ta rather ex.plosive, amt uy also be ait: 
0 . 0 
ud/or •bock. aeuitiv:e at -196 • Usually it exploded oo vantng from -196 • 
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Ult.I VII 
wuon ULAUONSltIPS ti TD UA.C!tON or Sols VlTH errs 
Kun !bf 1.Jwl) ~,, (Dlll012 Crf~!b!J1 (aaol) 
-
1 60.6 J.54 J.JS 
2 7.91 1.69 1.66 
3 14.10 2.48 2.43 




11.GS 3.39 3.ll 
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The best way of avoiding cucploeiona 1• to change traps after the traaafer 
of crr5• 
fr22•£U.ea of crF~!U• CitF,Sb2Fu 11 a v!acoua. deep rad-brown 
liquid that 1 only aliihtly volatile at room tnp•ratur~ ad is s'Olub1e 
in cltc:ua SbF5• It freeaee to a gluay red•brown solid t -231.l.0 • The 
eotapot.md ia extremely air sensitive, aud roacte "1th uoleeular oxyga. to 
foiin a dioxygenyl salt (see Chapter V). Its vapor prea•ure 11ras ~ . aauted. 
ov•r tho t~ raturo rauge 25°<t<2So0 and vao fit to the equation log 
Pm • 6.791 • 3846. Vapor pr aaur• data is giv n in the Tabl VIIlt 
1.' 
1ih.~re pruaur calculated from the equation re giv n fo-r c01apa.riaon, 
and th'~ data 1 plott d 1u Figure ti. . Oaing the equation.. a value of 
377.4° waa calculated for the nomal boilin& point • .. The lat.eat heac of 
vaporisation -4 entropy of v poriaatl<m wore also caleulated from the. 
equation and found. to bu + 73.64 kjoul./ . 1 aad + 113.2 J!!.!, respectively. ao aol-deg 
Thue values are ?'.at.her large• u they are for meet peataflta01'i4 a (6); 
The W.t~a.violet ad vi•ible spectra of CrF-.Sb2F11 -..re Maaured, 
using the •ilica neaol technique. described earlier. . Oae att:ons puk wu 
obaerved at 4S3 na•., conaiatent with eapectatioua for a 41 eyete • Peak.a 
dua co a ...U aaount: of 02ci-r,.sb2F11 tap..u:lty vere ob••n• , but cbara• 
\ 
tl'arutfer bacda frequently obaened in dl spectra were abaesit (66). 
Both t.be infr·an.d anti Raman apoetra were recorded fo¥ the liq~. 
Fr quenot•• .uld p¥0bable .. stgnaents al'e listed in Table IX. 
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TAILB Vlt:t 
VAt>Ol fftlSS'OlUt or CrF4SbiF11 
1,, tieaaured c 1eulated • T 1!} {5 .. 1)x10·• Loa P(!!pRJ) Los t(-81) 
42.S.5 2.J.50 -o.2798 -o.249 
434.6 2.301 -O.llJS -0.061 
440.5 2.270 0.0294 0.062 
444.2 2.251 0.1414 0.136 
448.6 2.229 0.2330 0.120 
4S0.4 2.220 0.2844 o.2ss 
452.5 2.210 o.3304 0.293 
4S6.8 !.189 0.3783 o.375 
461.0 2.169 o.4447 0.4Sl 
462.8 2.161 o.4871 o.4&2 
466.4 2.144 o.s122 n • .s47 
472.4 2.117 o.64t7 0.651 
471.9 2.110 o.eao1 o.678 
476.9 2.097 Q.7221 o.728 
478.7 2. ·089 o.7569 o.759 
480.5 2.011 o.1to1 0.790 
481.9 2.01s o.s1sa 0.013 
4S.5.7 2.059 o.a1a9 0.874 
488.8 2.046 o.9239 0.924 
490.7 2.038 0.9579 0.9,55 
4'92.6 2.030 o.9893 o.t&6 
495.5 2.018 1.0095 1.o:u 
508.l 1.968 1.2181 1.214 
509.2 1.964 1.2283 1.240 
510.5 1.9.59 1.2452 1.258 
.)lJ.J l.948 1.256£ 1.2.C "} 
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IR ltaa n Probabl 
-1-
al ' .int. eta lllt Aaatam.nt 
--· --
830 ( ) 835 • vaay CrF(t2 7) 
780 (m) 780 • pol vsyra CrP(A1'l) 
710 • pol v Sbl' 
695 (a) v SbP Sb2&U 
66S (e) 665 11 pol 
" 
SbF 
60!) u \> SbF 
525 (•, br) v 
4SO (v) 0 Crf (Ta?) 
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o.11 ane peak VU Olt8U'Nd belOll JOO -·1 ta Cha lnfnred apHCl'Ullt 
aad the a- •PMthll vaa not nproducll>le below 600 .-1, eo otur ..._ 
peak.a ..,. be pr•••t ia Cble nP.•• the dif f lcultJ eacouatered. 1a 
oltuiolna .__ epee~r• la tbt• l'-Sl• pn1>ab17 •t- froa tbe tloowe.-
ceae• of th• eill• • ..,i. tube (64). huuH a f-11 .__ apeotrm vu 
Got obtalud, deftnlh uaipMata caaot M .... witb full oatuaC)'. A 
coaparteoa of elate apectn. vitb tbat obt.S.Md for errs (c. i. Chapcer 
111) vlU u•t.t in .. atpiq ta• apecar.. la Ch• pn._t •pe•t••• 
paab eocur at • blgbat: traqueA•Y• and low fnqu.acy ad• •• abauc ill 
dae tnfruM. Oeaerally. the epectra •r• •OMll'hat aiJdlar dlougb, u 
boeb abov J bridging u ••id•eed bJ tbe broad n peak uar 500 _-1. 
lov the fluortu la bd.datag 1D ~ coapouad u not clear et f lr:at • 
.,_ .. po .. ible et.ftClt""8 ld.9ht be tMgf.MClJ tnM are oown la fipr• 1. 
~ -Structun A tavo1w• 1 .. a of a fluoctde loa by CrP5 to foa a CwF .. Aaf11 
Qeelu. ltnotvn c lavol•• acuptaace of • fluod.ae atoa by crr1 to 
Ion a trfaar •ltdlar to eke ,.1,._. of Crfs n Sbfs U.q.wt• 41acua .. d 
Ml'U.r. ltnccue I u etas.tar to scructun A, bue al7 partial doutloa 
of • fluoride ton oewr• and tlw errs botM1a co ti. Sl>tf10 n•14• b7 a 
fluodae bddae •4 k.eet• tbe D1h a,_.tr, I.bee the MGGMr uy hen• 
-.n.e ta •tr:uetue A. tlle err .. • la .. u rned te be cecwaheac.i (fd). 
\'be aet of puU bear.a 710 ad 605 ca .. 1 ia ti.. ..._ •PMtna 
proYfAe a clue t cbe eavl~oaaent of the Sb.at .... Barllett (69) end 
Cbcutu (70) baft at.tied to detail cha atructun aa4 .._. .,.ctra of 
variowa a44uet• of Sbr5• All coapoua.u conC&iatq lbalu· lnl bad J-5 
.a 
,... Sa their ....... apeccra b•--- 710 .. sso - • nil• ....... 
coacaaSng lbr1- ~ bid 3-5 pub 1-otwffn 690 wt 500 ca·t in their 
r 
+ F 48 
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ch• Ai (-n only) •ad ne of the ta ('D aa4 Bau.a}• while tbe I (bun 
cmly) and ~h• ot.hel' Tt (D and llaaan) abould occu at low frequnciu. 
For a Dab CTrs- frapent, aix Bnan bnda aad ftyo illf'rar-.t 1'-ada ue 
expected. tf che crv5- frapent happePd to be c..v, hovevu. all ntu 
vibration• wcnald be Raaa actiftt and •ix would be u ;frered active. OalJ 
three bands are preaently uua••lpecl in c.ha lnfr•red, far t.oo fev for 
eitlrer • Dth or c..,v errs frea-at.. 'tt 41•• 4ou not fit a td err,.+ 
frapaeac •iU•'r• aa tlw polari•ed n-.. baacl at 780 .-1 alao oc.eun to 
the 1afrac8'. and. thta i• forbicl4ea in Tel .,_.t..,.. the puk• at 830 .-1 
(SS!i ca·1 ta tbe ._...) Md 180 .-1 clearly ll'Wtt be aaaiped to tbe 
aa,._.tn.e a4' a,_.e.rtc Cri aCl'elcb.ea, raapectively. TheiT 1ocat1ou i• 
iatei-eath\g ta that they oec~r at a fY•queaey -.It higher (SO ca·l) than 
the atal Cr-F •tretche• 1D c.-~1 • Thi• V0\114 ia'ply that the cr-r it•d• 
ha•• beeoraa atroq•r, that th•we ha• been •OM trauaf•r of charge &Vay 
fna cu chr-1•1 aot just a •iaple aha.ring of a fluorhe vta brtdge 
bondS:ag, but rather a loaa of a fluoride 1n. 'Ibo pnaenu of the 
So2P11· ••tabll•h-.1 earll•r also •"IS••t• thla. It .. , be t~at the lo•• 
1e aot coraplete enough fort a "fl'ee" err,.+ la to fora. ao4 thua ohey Tel 
aeleot1GD l"Ul••· Such aa ioa atsh• be expected co o• •tronaly affected 
by the neuby anion Sbzl'u- .Mftd tbu ahow a breakdOQ ta aeloction rulu • 
.. va1 a.ppannt1J aeen hare. 
la light of tb• abon diacuaicm, atncture B =-t ee altainated, 
u f u too f w peaks awe observed ht beth cha taf ral'-4 and Ra4ll spectra. 
Structun A, rich only parttal chars•• oc lhe chromt• net antillony. 
appear• to be the one IHtet suited to tha vtb~ational data. Therefor•• 
~he 211 adduct will be referred to a Crl''ttSll-afu in thia work. 
Sl 
Csri"1tSbaJ1u wu fouad to he • excellent oxidi&er bat a nrprialugly 
poor fluoriaatiq qe11c, :ia coatrut to t.be tendency of Cris *'• fluol'to.• 
ate u it uidiae•• le• ~uctiou, •• well o tbo•e of ita a4aac:te with 
OX18•A -4. xenon will b• •.U.acuaaed 1• • lat•-r aeetiOD (Chapter V). 
l!fct&on of Cri's vitll so,. Crfs vu eondeneod iato aa 60 al fuecl 
•1U.u reactor, ad IOa wu coadaeed on top of ir. et -196°. The aouut• 
ued, and ..,unta of protluct• obtai.M4 ue lieted ta tabla x. The ruction 
began when tu aixture vu t.af.84 briefly co .s.s0 , and w. waually complete 
in two heui-• at rooa teapa¥atut:•• The. r•accioa abtur• vu allowed to 
•ta<l tvo <lay• c.o iaau• • coaplate r..ccloD.. Volatile .. tulal• were 
reaoved u dieeuaad 1r•vioualy, with lhe ve•ael ln1tia1.ly at -22° • where 
a volatile colorleaa liquid tra•fernd., ad fiaally at rooa C•peratur•, 
whttre excesa Cris er 801 tilfU reaoved fro.a the solid. la all e&a••• a 
pale green aol1cl whoee weight eorr:upou484 t.o Cr(S03f)3 wu lefr., a yifald 
of lOOX bued oa the 41quat1on1 
(lV-4). 
1.'ha volatile liquid waa uaiuad by IR apeccroacopy ad. fow.d to 
lta\fe au a pectrwa ideutiul to •hat reported for s1o11't (72). A molecu-
lar ••i&ht aeasuremut wu taken aod lound to be 199 a mol.-1 ; the theoreU.• 
cal aolecular weight fer Si06'a 1• 198 a mo1-1. To check the purity of 
th· s1o,ra aueratad by tbi& •thod, • aaple wae allmte4 to react with 
tiO aceoriing to ca. equa,tiona 
(IV-5). 
0.706 aol of SaOaF2 wa coudeneed ia a 100 •l pyru reactor. and 43.1 
.-1 of NC vu added at •196°. leactlon occqr~ed apon ultiug of the 
s2oara, and. white solid ~tOS03P formed. The •olatile aaceria.l• were 
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TABLB X 
WEIGHT HLATIORBHIPS L'lrf Tim UACTIOR OP S03 Atm e.-r5 
ae.ctant1 Product• 
l.uo ~Pa(mol) ~Os(mol) h.2Gl'2(wl) Cr(IOlflJ 
1 2.26 213.0 2.18• 2.26 
2 J.93 t u.oo 2.11 2.19 
3 0.99·3 18.7! 0.111 0.99.5 
• Trac .. of SOa were fouad to be present. 
t 0.71 -1 of crr5 were ttecovered after the l"eaction. 
5l 
l.4ll mao1 of HOSOai vu obtataed. lndlcatiq that the Sa01la ••-• 100% 
• Ih• purity of the Koao1r wu checked by • ltiaa pone 
(foUDdl 1.SS-7°1 roporttad. ($4)1 156-7°) and by fluorine aaal.yaia 
(calculata4 for Noao1ra 14.7• fouada 14.J). 
rrogrli•• of er'soan.. Chs-Olliwa (Ill) fluor:oaulfac. 1• a pale 
sraea aol.id chat 18 readily •oluble iu DMSO or HzO to pve gl'eea aolutiou. 
The upetic auacepU.ld.litJ w .. found to b-e l.90 a. M. at 26°. the 
theoretical value for a d3 10ii ie 3.18 a. · M. (73). the •lactroaie 
apeet....-. in DMSO wa.• obtainad ueing 1.00 cm eel.lei p..U with thd.1t 
reapecttve at1nct1w coefficieat• wo~• obaenecl at 272. ( E • 110). 
45 ( E • 42), and 647 ( s • 4.3) na. th.1• is in ucelleot agreement with 
a ·pubU.ahed apcctrwa of Cr(DMSO)f+ (74). ?he cospo\IWl vae fowd to h&Ye 
an aaoi-pboua 1'-'r•Y powder apectru1h An 191 aar wu run oa a Ilt&O aolu• 
tion of Cr(So1r) 1 and a •inglec wu ohaervod at -36.0 ppm relative to 
C1Cla. tbia la 1D the eorrect area tor soar- fluo~in•• (15), and i• eoa• 
aiatent w1th th roaul.ta frou tb.4 electronic eitt•ctrua ta that the lJMSO 
bas aubatituta4 for SOaF group• round the ehrolld.ma producing the 
Cr(In·tSO) f ioa and S09i'- ions. ?be COn\pOutld decomposes at 285° with 
pro4uce1oa of wbite vapox•, presumably S05. 
Che-:dcal 8llalysis of Cr(so1r)a gav tbe following: calculated& 
Cr. 14.S9; S., 21.SOa 1. 16.3. FoundJ Cr, 15.13; S, 27.26; r. 16.0. 
The infrared apoctrua of Cr(S03F)3 1a giveu in ?able XI. A R.aaau 
apee.trua was attup'tod, but 11a1 u.naucceaeful because tho sample fluoreaoed.. 
lbe vibrational. spectra of f luoroaulf ta 1aw received coo.sider bl 
ttcrnU.on in the lut f8'1f yeare. Several aodea of bonding aro po sibla 
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for th · SOai 8Xhfl the•• ao detailed ta FiJU"te 8. The nahu u.d 
po•lt.l«l of tl\e S-0 aodea hue b:eeu c.iuoa•t••ted to b• c.Uracun:iettc 
of tk4 ao4 of ondiq ef tbe ao1r gi-oup (37• ''• ''• 11, 71). lor 
th• so,r· ion (37) the a,_.tt'ic $Oz •tr lch1ug -.le (A1) ta toad at. 
•b•"t 1080 .-1 a4 the doubly t!egoui-ate. attarmaotrtei atnccbilll 
Md• (I) ., ... , u·o .-1. la all. au llNMl•• are expect~ · fft v·1hra• 
u1ou du. to a so • toa. For 1a0nodcmtat• so1r sr 1;apa, o found 1n 
D•(S01r)-. (76) • t.hi:H so soda are f•Gad at •1410. •111u>. ••• 915 .·1 
r•apect1ve17. Nin• modes u. exp.ac'tcd. foi- YibYat.iou d.UG to a aonodeatat• 
801f ll'O\l ·• ihe b14nt&te IOaf gt'oup, eitld'll' cha1at1RS Ot' hT1dgittgt aa 
fou in SnC11 (so1r>a (77) • ah.ova so mode• et •1390. -uae, and 
•1090 atl, la • bidotate 8031 al'o-up. ·the .,.._t1:ic SOa atceteh occurs 
ac vu~UU.1 the ,,.,. fweq-.ac1 •• ia the. !ne soar· tea; dd• 41atta-
ad•h•s tt Ina tk• wm.odentate tcod.e, •• both fo:nu of bocd.1ng sh th.re• 
so aod.u, ao .\ine iuod•• iu all. •lRC• both ax-e of Ca •1la•tt7. Tae. 
t•~••t•t.e SOsi' 11:oup, •• hu boo clAdlled. for Co(SOaP)a (Jt). •how 
SO uctn at •12;60 .U lUO .-a. tn all. ot;c Tibratl-.. a're ..,-.te4 
for tht te1'd.4at•ce 1011' gco~p. TlQU& 1 -ch• total awabo¥' of SOtf vlbl"atlotle, 
ttl• nuubei· of high f'r•f.i•ttcy 90 aod••• ud the PO•Uicm. of the •,-..ti:ie 
iOa · •tret.cr.ld.ng mo.le allow on• to aetd.p Che .ode of boadiug of th S01i' 
:roup by an aaeos$tQeDt of the laf ~are.d apaecrum. 
With thb bl'1af hac1"...grourui * the bf rared $pectJ:Ult NY ttow nadilf 
be usiped. tea t$Ode-s are obee,ived ta the 1011 ngioa. imedl&tely 
•U•Saatin& so1 • 1oa• or ce-r4en.cat• soar group• from coae14tlrattoa, u 
the•• oa.11 ehov six S'JaF ade • Th ban4a at. 1110 d 1005 ca .. 1 ar• ta 
tb - frQ•ueney rQJ• xp-acied for the ,,_.tric SOa sttetc.h ot a bUutat• 
ionic 
(C3v Symmetry) 










( C 3v Sy1mne try) 
0 
56 
Fit;ur~. Bonding and Symmetry Properties of Fluorosulfate Groups 
51 
soar trout>• mtd the poettlon• ot other SO aode alao agree well with ue 
poaitiona of 1 so med of a bideatate so1r group. The f ~quencus of 
(C11}ah(SOsF>a. are b.'ivea m table xx. and a coapar1eon of tU. so,1 re• 
queaeie.• for tlde co.pound. and tho•• to-. Cr(.SOtl#c) 1 aqge•t• aitd.lu 
botuttng for OsF groupaa (tn1)2Sa(I01i"h l• !uilieved to ba pel1Mric wttb 
bldet•t• bd.daia SOsV &•our• ea the bule uf its vibrau.onal ad 
MSaabauer ap"tn.m (80). 'fhe soar groups ta tr(SOai) 3. re assigned u 
bicletlta&e on tk• n1 ·ce 11 ted a~ow. the ftt'J weak b•lli at 1485 .-1 
could be an asymotric ~ .etr•uh, but probably is a coabbtall-oa band. 
et.nee tt 1.11 ft'l'J veu. the bllnd.a At &5.S a.d 62U C# •1 1 botl:1 A f ll001l • 
coul• co.biae to pyo uc aa 1t.• peak t 1683 -.-1. 
The· nac.tton botvoon Cl'l's ad IOa i onl1 e third fouud. to pro-
4uee SzOafa• th• other• bet.taa fluori.aaticm ef .so, itb a stlvar fluoride 
catalyst (60) • o~ the :re.acUon of 1tber Xef a• X F1u or 1..eP1 w1ttl lWOa 
( 1. 82, 139 84). The -ruction td.ght 04?ettr follovai 
CrPs + 5503 • tCr(SOa1) sl (XY•tl) 
[Cr(803f)5J • C..($031)1 + l&Otl'• (IV-7) 
(IV.-8). 
ti tneett10ft Of SO into et 1 fluoride bond 1 a f Ai;rlJ COfDOG lhod 
of p1'epal'iftg fluoro ulfata (45, 8$ 1 $6) 1 end . hlo iM•"ion t'fUlCtion 
OCCUI"& vlth C.Oaft to tom C'f0a(S04F)i (46). tf thia occur•• an un•table 
(at lea•t at ro teapera er ) chromtua (V) f luorosulf ate is geuerated.. 
two so1r• wadiula • wld.ch then ceuld eeeOllbtae to yi@ld SaOafi • •11.U!e 
1201112 1• know to .exist ill ttqu111brium w1ti1 S01F• radie s (34). AlAo 













Ber• • Cl'f s flvociutH two so, •leculee to so1r• re41cai., whicll 
cha coa'btae co fen ta0tra u befoc•. tkfl ruu1Uq "acU.v•• C.tta 
ell• ••• ao•• 101 aro•• tha er-r 1Mnl4• to •'*'••• cr<so1•>a• mu 
·-
••HM u la aceor4 no ilia bowD fluowtuttq ,.,_ ot ccr1 , but lt. 
fail.a to -.lain vh7 •• •.-c:&.fic • fluol'iuition occ.ar•, uallke the fir•t 
_._. la other eaU.ar fluoduttou, •010tr a• lf>a'a •• u..Ur 
alH fona4 (34). for tbls nu•• tile fil'at acheM •- prefe~ah·l•• 
Appanat11. the reuti•n b•"""8 so1 BMI err1 la not •• of • Lwb. aotcl 
ltu• .,.,... kt orM of etcher a.t4111oa anti .....,_,,,. or ou of 
f 1uer1udoa a4 addtttoo. Low c_,.ratUl'e wowk vhtGh vu u1 attaptecl 
ld.tht ,......u. --- endaee .. allow .. to clnt.•• . ...... . ... two 
Iet••m;tloe •I sao1ra vt&b CJ'•• 1.u wl of ew:r1 •• coadeu .. 
taco• 80 al .S.ltca r-tor at •196°. 1.52 .. 1 of la01fa •• •Olht-e4 
n top of •llu • ..a tile ld.xt•• •• vamed. to l'OOD c-..rature, vher• a 
red aolutloa f one4. n. ldxtal'• wu allewed t.o •tad at rooa teapevatul'e 
ua qy•• Tho •olad.1• uter1ah ven .. ...,._. u cleMribed pnviowl7, 
vhil• tb• nanl wu held ac •21.0 • 1.JJ -1 of l101r1 wu nMftred, 
vto 1.11 -1 of c .. r1 raatnt.aa .. a 1:UUue. no •••cea of roso.r v•l'• 
aote4 la the volattl•, atl thaa ae nactin had takea place. !Id• vu 
_,..,.. ta vtew of til• reault• -•'k•inff with uc•• errs •• SOt <••• 
Tula x, na 1). ¥bare Cl'ls a4 s1oara wn ·lH>tb l'ecowred .dter Che 
naet.loa. Appueatl7, S101fa ta a 1oo4 eolftl'lt for err,, ttut 18 eel• 
59 
to •1ther OJddlse Cr11 co Cr118011 n co l'eplace flue~ ricb fluoro-
nlfat• .. 1eaer••• rosoa•· 
Dyeua&n 
!be LewU ao14 t.eaVS..1' of errs Sa alailar co ne other ...tHtn ef 
Che vuaclt• pntaf luor14• t..Uy la Chat it reaclllJ f ona eccabednl 
err,- tou wtth •troq i.ns.. Naee. tbb la a.poet .. from a cout4ua-
tlon of ta. acneture of cu li•••· A fluoride in Wlllct 1M expeoc.a 
·to break op th• pol,_• to fon aa octabeciral al•, and ehua errs ehou14 
be • Lewu aetd. ·Iha •~nctun euuqc• that CrP5 could a1ao abov Lewi• 
bMta bebnlor b7 108• of a fluortde 1lM1 to geMs-at• Cl'Ft tone. TM 
nlatt.wlf weak Lw.S. aeU. u, ad ffs are aot ale 10 r•WO'ft • f1uerl4• 
ton fBa errs, kt ca. •troaa Lewu acid Al's u anu•r.17 ••1• to do 
. -so, ad che c-.,otact err .. 101ru r .. uita. No coaparabl• vol'k bu Men 
4ou vtth vr1 tne peatafluori4•• bul DP1 bu been ehewa to reaet ri.tb 
+ ... 
si,r1 to ton Httr, S'brt • u abown 1'7 idl'ancl epeetroacon Gd a-ray 
4Ufraodoa (11, 7). !hue, err1 &ppun to exbD1t ••WJ wak Lewia bu• 
belaarior vld\ YU'f •C'l'OOI t..wta aeide• ad Leri• acid beh&ftor with atnag 
Levie ....... 
lntrodtae.ttpe 
Decaue• errs hae a r-putatton of hetns a V1o1eac fluorlnattng agent 1 
tn.-eatigattcm of the fluerinaU.ag an4/o-r oaldutq pover of the crr-.stt2Fu 
comple• va• tnttlated. Ho coaparable atndlea exi.•t on trnsitton tal 
fluoride ad4uc.ts. ' Crf-.Sb21'11 vu found u be a excellnt •1eo.tron 
acceptor. It readily oudt••• aolecular OXJ'&•n (to tba dto1;)'guy1 
cation), secon1 an4 huafluorobensane at rooa t_,ei-atuea 
o1 + crr-.si,,2111 • o2 +cr'f .. SbaPu· (V•l) 
(V•2) 
(V•)). 
- . + . ~ + ILvideace tor th• amton Ct'r,st>1ru -4 the cations o1 , Xe • an4 t 6r8 
wae teuftd. A Jon.•Nab i- calcul&tton oa 02•Crr-.sbafu •hawed ~hat tM. 
ele•t'nm afftutty of CrF-.Sb1ru s.o appl'oabut.tely -7.5 • 1o2 kjoul/aol. 
the hiaba•t Im.own at preeenta ly PtJa, vhict baa aa eloctn , affinU.y 
of appro>dute1y •6.8 x 10• ltjou.l/aol (81), ta CO'lt,aralltle. Ct-!',.S'bal'u 
vu not able to •~idi&• aolec.U..r t'ti.trogen or krrPCOO• A ••i"J ctude Bon-
Haber Calculatloa oa ttn2•cs:r,sn.,1r11 ·• and "Kt(cr,r,st.1111>1" hldieat•• 
tbat these eOltpouud• will likely aoc l>a •table. 
+ .. -111• dio¥ygenyl •alt• ~ Ct"fc.SbtFn vaa also •tts<U.•d ad fow.t to 
be • potent utdiser. At 60°, tt react,• with aeaoa .ccordllla to the 
le + 2flatrf,Sba ll • !Oa + Xe(CrF~S~2F11>a 
+ c,r, isplaeu tile o:ac.ygu to prod•• t c,r, ulta 




Us reacte with OzCrt,sll2P11 to 1eauate • 11.,.+ Hlt, u tt doea with 
et.her dloq ayl aalto (88) 1 
Th-4 xenon a lt t• able to oxidiae c,.r, to c616+ in accordauc with the 
roap ct1w io iaation pot ntiala of X aacl c,r6 1 
~e(Cr ,sb2f11>1 + 'ct'& • 2C~F4CrF-Sb2l11 + Xe (V-7). 
hexafluorobenten.onlum 84lt falrl7 rapldl.y d$Coapc1ea• at roow. temperature 
vitll tlte production ot varlOWJ fluoi'ocarbona . Staall qua titiu of 
mritaeutall 
rrearag~cm of o,qgr,.f!a,r1 .1• To fnahly prapare4 crr .. sb1r1,. con-
tatuct 1a 40 ml 1tllca I' actor. d17 Ot vM a44e4 ac rooa t~l'acur•. 
Mount• of ruchat•• u v•ll u t.he •ouub of product. u .olatect. are 
U.•CM Sn Tabl• XII. The _.eacclOl\ occ.une4 at oaco,. a.4 the llqulcl 
C•P,.lbafu tMaaa to ao1141fy. A pale yellew eo11d toned. After •t:1ttlna 
live 4•7• a& nm ,..,....... the vo1at:U.e ut•l'lal• ware reuve4 •• 
daacd.bed pS'ffl-.ly • while the ve...i •• tt.ld f1nt at •19·6°, -4 later 
at .,.._ teapewacun. A pal• ,.1.iw •1t4 r.a1n4 1 ..,.. V6tpc col:r••-
2a (. 1) 
TABLt lll 
WtlGti'l" UUT!ONSHlPS IN THI Rt CTION 
CwF,.Sl>tl~u WITH Oa 
~F~Sh2!11 (lltlOlj 
1.ttO 
~·Crf~§h!u < l) 
l.60 
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that turu orug.-nd oa coatacc with dr. lt le ta .. 1uhle ia •-
Sbrs1 u.t b74so11••• YS.olencly vtca cbta evoluttoo of • a• (psoaa'bl7 
Oa) and the fomat1oo of a ~ea aolutioa, The .olid Mlu at 
175-8° witb decoapoa;ilton.. 
£1ac5nm1c •4 tnfgaftd srcsn. Tile •1act.na1• apoctna v• 
ncorcled la • f•M •llioa vuae1 uing the techaf.'tue .S..a11Jed earlier. 
A ._,_.100 of 02Crr1tSbzFu l• Dra sne peaks (vttb their nepectt.w 
iattlfl9itiea) at aJ0(•) 1 35,(va,hr)• and 710(a) DIJ• Thia apectrr11 1• 
con•:l.8.tat vitb cue .x.pected for a di apect .. ta a Oh eanrooa.t1 'but 
aot "1th • Td •P"i•, u can lt• ehon. by a ceuld•T•tioa of T.0.-
Suaao (P1gul'e 9) (St) ad t•••lt1ou ae1r11 racto dS..ar.,.. (ftpre 10) 
(to). If the peaka at. 110. 355, -· 230 Im an talum .. Vh"a.• an.4 YI 
re•pectivelJ, the r:at.108 va/"'h va/vh -4 va/va •1 be calculated. It 111 
fouad that va/v1 • 2.00. v1/v1 • 3.09, ad va/v2 • 1.S4. tbM• ratio• an 
not ccmautt•t witb tu 'A.a 8YO\Ul4 •UC• ratioe n.•u1n4 by fd .,_er.17. 
where. if v2/v1 • 2, va 8ho.U lwle oceul'ff4 at About 140 ._, aad the b8H 
at 230 1m voulct haft •• be uelped to a ollarae tl'aufet bud. ror Oi 
.,._t!Y• t.ha potmd •tate vou14 k •t.r1s(r) 1 when if v2/v1 • 2.1. thn 
va/'>1 • 1.1 •d va/va • 1.4, la fair aareOM1lt with the upe-r1-tal •al••· 
rna the9e valaa, Dq/B le fouud to be 0.8 ad B(va)/I ta fouad to b 20.3. 
Uetua tbtae valu•a 1 I ts ulculatod to It• 2.1 • 10,t oa·1, aDCl Dct te calcv.-
lated to be 1.7 • 10• .-1. VS.th these value•, tu cl Ta1'0...Sugau 
dlaar• •Y be UH4 t0 •••lsn th• l>anu la the apectrua la u oh ltgaad 
U.e14. ti. bud at 710 u 11Wtt be •••lped to a lt1s(r) • 1Taa ti-aslctoa 
(v1)1 the bead at SSJ ma to a 'i11(f) • 1A.is trautt1on (Vt)• eel tho band 





The energy diagram for d!l. C/B = 4.42~ 
(0etah~eral field) 
Oq/8 




T1 ground state, transition energy ratios versus Dqf B (range 0-5). 
Dq/B 
A2 ground state, transition energy ratios versus Dq/B (range0-1.5}~ 
Note the two ordinate scales.. 
.42 and T1 ground states, transition energy ratios versus E(i.':J)/B 
(range 16- 47). Note that tl1e left-hand ordinate refers to E(v~)f B (l ~4.6) 
and the right-hand ordinate to E(YoJ)/B ('"'4.6-47). 
Transit i on Energy Ratio Diagrams 
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be pr•ferable to oa• where v3 oc.cua et a very low val• euch aa 140 ma, 
but uy k auwprt.S.ng in that the cbrowt.• te now octan4ral.17 coordinated. 
Ob would oput •uoh a ooordf.uttoa a.miter, however, ill the pnaence of 
excese S'bF5, u ia the cue here,, becauae a eoord-tnattYely U'fteaturated, 
+ etrongly electrcm-vttbdrawtng group ouch oa err-. would fleortae-b'd.dge 
•• auch •• poae1bl• to 4eloca11n the charge •• •ch .. pne:tb1e. Sbls 
would certainlr be al>le to fluol'ine-bridt•, u it u ext•n•i•elr f1uoriae-
brldgo4 !teelf in •olutton (63). 
The 'f'ibratiooal apectnn of OaCrfc.Sb2 ll ts given .ln Table Xlll. 
A ¢0mparieon of t'beee data with the data given for CrF-.Sb2Pu ta !able 
IX auggeata that no ujor struetul'al cha.p bas talc.an place. In parU.cu-
lar. no band• were obae!'V'e4 above 850 ca·1. tbe o•wal location for M • O 
boada (91), ow: around 400 =-1. the uaual location for M-0 ~oed• (91). 
The pr88once of bu.Ga ac 700 1 6SS, and 550 .-1 ts indicative of tbe 
lh2•u- ion (71). Ae wlch CrF-.Bb2f11t tbi' .. bade attributable to cr-V 
aodee are obeerwad. 'rl'Mt9• are eewentt411y 11l the eaee potSttiona aa in 
CTlttSb2f11• Ono poeeible explnat,tcm 1• that th• mtYa•n aoleeul• bu loet 
an electroa to c.-7 .. Sb2Ju to fen o2•(crF-.SbaFu)·. the che:mietl'1 of tbia 
coepound la coaeist.m.t with chi• fonulatlon. Proof ef 02• M'f b• obtained 
by ob ervtng a laaaA band at •1860 ca·l (92). thl• peak i• obaerved at 
1860 cm·1 t.n the Iatan epecti-ma. for Oz•Cr!,.Sb2r1u aacl the eoapowid uy 
+ . -therefore be ue!ped the atruct\tre 62 (Crl'-.Sb1 · u) • 
+ 7:b:U erid.enc•, u vell H t.M evUeaee tor o1 loa# galu.ed froa 
COft•itlenclOD of t1ua Mlllocl of •JacM•t• ad tllo ch•aical properties of 
the coapow.d. u well ae the lack of ~ aomally a••ilAed to Cr • o. 
+ cr-o, or 81>-0• eoaf iru en. preaenco of ·OJ iDDtl. 
t.AiU. Xlll 
§e!e init:•r . , 
,fr•su.c.nc,zgCll-1) ,tnt011•ttz ,fl'e9~en<:Y(cn-1) ~tes1t7 
1860 (s) 
25 {m) 830 (a) 
780 (~) 191 (m) 
710 (m) 100 (s) 
677 (s) 
655 ( ) 6,, (s) 






oSJ!!! prnert!I!• A upecf.e euru:eptDiltt7 ••n.,._t aave 
Jeff • ).01 l.N. at ll. • for tv9 al•ol•oata., Ille 8pia-oal.J Yd.ue i• 
2,13 1.H., vhU• ffl1' •hn• elecinu. ct. apltl-oal.7 .. 1 ... u :t.ae 1.H. 
DiOXJ'pa1l __,._.. •ucb '.U Oalb2P11•bw tt•ff ftlUM aear 1.77 B•••t tM 
•Pa-..11 u1• fu _. ua,Un.t •lAet.••·• u upaccu fna •l.,1• 
•l•GU1- o.W.t•l 11teorr. Of all cwauition •tal 41oay1•1l fluoro-
•t;dal• 844• (81• 92), OG1J the Mptttlc pnpeftlea Of 0ift,ft (88) 
have ttua •uurn, u4 • ••1- of ·J.57 1.M. ••• obcaued at. rooa teaper•-
~ure. 'Zhb Yalu i.a ratbel' 1ow•1' tbu tu .,......_1,. ••lu• of 1.&J l.M. 
apu~.i. ac vu explaU..4 a, con•tderlna tit• laq• eph.-or lt ooatdbu-
u. c• the •aaattc .,...t of • •' ,,+s toe. tll•n ia "" ltuly a 
• 
fairly la•a• •Pi....01c coatnlnittcm for 41 Cr .. • (th•ohtie•l.ly 171 .-1) 
(73). b"e .. ao upetic work -.. appeal'•• oa er"• e~•• Chu caaot 
be coafinecl b7 •ODP•ri.•oa via ,eaperJ.Mat. l• i• alu poaalb1• that. tile 
c-.,ouad l• not ug•tica11J fltlul•• u the ckr.1-. ceac•r:• u1 fl•ria• 
t.rt.dp.-bond la th• aolitl •t•t•J RJ&•a ad fluori.M acou tw-.uatly 
aUow, ap•1tlc ucuaction when pv.t in thi• aicuacioa (73). A ••riM of 
••••--•• of J•f f at v•rlwe t..,.1'&C••• •eul• u HCIUd co t••' '"• 
.... bJpothH••· ta., ..... t:b• •'1• fH ••• , obtaiaed Ml'•.,, ..... 
poul'ble for three unpalre4 eleetnu (W.l'e J•fl • J.81). •!ace all t • 
abo'ft correct1ou vouU 1onr the tb•or•U.eal 11•ff. tho •al• 1• htgbn 
&llan tllat -..ctn 101: two uapatn4 eleccnu. wt.n p•ff • 2.aJ. \let 
there APP••• to 1'• no thHnt.lcal seuoa why ·• •• •1••• voaU be •o 
aucb htahtn: • otlwr tbta tu obviou• clda of _,.rtatatal urox. 
th ,_.. .. a,ectrua of o1crr,s112ru i• atveo in table xn. 0n11 
tbe fluorine aaly•1a could k l'Uft tor ene b7clnl1sed ooapouH. becaue• 
ogcrfttS!>J'! ! 



















10WDD Snc:tlA or DDIVAUVU OY err,.Aa•1i 
~<~,r .. st11r11>a f1r1·crJi.lttg'u 
d (1o·lma) lat. d (lo•ta) Int. 
- - - -
s.01 • 5.72 • 
4.06 • 4.71 • 
3.96 8 4.33 ta 
3+56 s 4,10 • 
l.78 • 
lf4•Cr~,1b2r1 1 














of utual interference of er•• aud Sb+s, r, ealculat•~h 46.51 fou.ad1 45.5. 
A eepar•t• sample wae •u•peaded to wr1 and the OXJI•• vae d!Jlplaced wltk 
Cgf~(ue below); 02• calcula1ed1 S-231 found 5.20. AA Hp mu vu 
attaptecl for • auapenatoa of 02Crr .. st.tru u wrh but ao -peak.a v•I'• 
obaer90d for 02CrF4S~2l11. pTobably he.eaue• of lt• lack ot aolub1lity io 
Pn2arat~ of Xe(CrPttSW11>2• To 1.99 mmol of freshly pTepared 
tx1,.Sb2ru • eontatoed tn a 40 ti fueed aillca roaetoi-. 2.40 -.ol of Xe 
was added at •196°. kactin. began cm wartdng to room temperat\1%' , and 
ti1 red-brown er11 .. sb2F1 l 'began to solidify ad tuned pale yellow. Stil"-
ring for six days at rooa te.peTature completed the reaction• and th• 
volatile uteriale wen reaoved, \ihtle the veaael va.i held at •7t/'. 
0.989 sol of the er .,...colored •oU.d Xe(CrF-.Sbz 11>2 Yetld.ned• a yield 
of lOOS baaed on equation V-2. 
Xe(CrFa.Sb2F11 h cu alao be pr-epare4 by interaction. of 01CrFa.Sb1lu 
and Xe a:t 60° * according to 04uacion V-4. 0.234 maol of o1crr_-.Sb2ru waa 
placed 1n a 40 ml silica veasal and 1.S9 uaol of Xe wu add-1 ~t •196°. 
The ld.xture vu at1rred three days at 60° 1 aad the volatile u _ted.ala 
vere: 11'GOVed, wb.11• the veeael wu beltl at •196°. 0.17S mol ~f oxygen• 
was remoYod at -.196 ° • and the excess Xe was re1tO¥ed at -n/'. o.otoo •.ol 
of 100% baaed 011 equation V.-.4. 
• Although too U.ttle vu obtained for a mol~ular weight. the au 
gave DO iafr•Ted apectnm. ad Xe 1• 1.\0'flV01att1e at -1t6°. 
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rr•MSt&taa.,f _X.,Ct'If1tShalu>a• X..(Crr,_Sbalu)a U a ci:ea-c.olebd 
aol14 that :la ~17 Ml1ait.1ve to •i&lo*•• It i-eadt.17 byd;to11~•• ta 
Bao wit.a th.a ••olutia of x.. ad th~ fomation of a ,_llo'!4•3reea solu.-
tic.m,. It ealt• vich diacompo•itio:a at 128-134 °. Tho ¥1-~•1 povd•t apectt'a. 
u 3tvei1 iu ttiblo ltV. Cbamieal analyu11 1av• the foll•1n1 reaultet 
le, ealc-.latedt 10.U; fowult ;1:.15,, r. caleulata4s 44.l; found: 42.1·. 
exaain•tiot1 of th& t.at~le .end a co&t.parison of thts tahlG with ta.bl• XtlI 
aug,ge"t• th.at t..'1e Cd"i.8h2 I1u- iou ts pra1;aut a1ain. -.~ t.ht.1 S·bifu- fros-
~t i"'* t~1n pres~ut. s.n.d t b4; t1u.·ec Cr l! mod~~ appear as ~ell. Peak:a at 
6.SS and SlS ca .... l .ot.Hieure tho XeF stretcld.i1s r•gion, but no peak.a· ar,e 
observed in :tbe ~el dofomaticu re;ton (-liQ ca-&). so that an Xcti*' 
fonuJ.aci-. appe••• uul.:1uly .(6t). A:ppar•atly, then.. 'the coIApound uy b• 
i:og"dod a• &(trr,.sballu)a with x~ * catiou a:nd. Citli .. s'talfu • aa1on..it. 
H 
Atn.po to VCl~:ify th.ta- aae ·t~t b1 obtaining an r mar •peetrua 
f&!led u Xta(Cl:l'\ShJlf'u)a wu iu.eoluble ta the solvent u,. A mus 
ape,otivaa alao fula4 l!O ptoduc-. &:Y ruult&• as the compound t'fU ttot 
~se•t-•t~9c. . of cwci:~,~§!iF.11· 1.58 aaol of f~ubly prepared. 
Cr11ttSbaFu va• placo4 il\ a 40 l;l fus-4 •ilioa •••••l, ad 'f.76 aul of 
flry. 4.e1u»o.d c.re vas c.ofi~od 1n at -196°. <IA waiata;, a bl'15bt 
vola't.ile utariala wora rcteoved es bef or•• while the veteeel f irat ,,.., 
lleld at •78° • aud tl1eu. a& r~ t•perature., .An i: e:xaatu.at.loo sbmred 
C2J!1 84 oth~r fluorocat"bol\lo tu addiU.ott to c,1a. l., brt~bt yellow-gi-e;,ea 
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1.32 aol as rcteovared. a yield of 841. based on equation V-J. Thie 
cOUtpOuad coo1d alao be pre.pared by lateractlon of c,Pt with Xe(Crl\SbzFu)a 
or 02Cr Sb2•11• 0.334 mmol of Xe(Crf~Sb2111)2 was plac•d in a 40 1 
fuso4 silica reacto.,, and 1.66 mol of depaaed c1re was condenaed tu at 
-196°. le4ction occutt .. at roon tempes-atllt'e• and the mixture tumed 
gx-eeniah•ye11ow and bubbled. After lS d ye ae rooa taperatue, the 
volatile. utenals wre removed u before. while the Yesael fit:st vas belcl 
at -1s•. and then ac ~GOil tenpo:rature. 0.332 mml of Xe•• recovered* 
at -1a•~ A green aolid remained vbose proptrttes ~r identical to 
CaFGCrr~Sb3P11 sa11plea prepared by direct 1ntera¢tion of Ct1$ and 
CrfttSbaFu• 0•633 aaol wu 1'0CC>Veftd, a yield of 9U baaed on equad.oa 
v-1. 
0•234 t1110l ot 02C1:lttlb,a1.11 were placed in a 40 ml fusad •llic 
reactor. and 17•30 llll41 of degaased c6r6 •u coadenaacl in at •196°. 
tteactton ocf:urre4 even. at •196° • ae a gwua color appean4. On waning 
to room t.,aTat~, a sreen aoU.d foxmed. After one day at rOOtt ~eapera­
tu<te • the vol tile ut-odala \tere rem<w d 1 while the veesel was be14 at 
-196°• 0•246 mol of oxygen t wa collected. The volatile uteri 1• t 
rooa te peratutte were remved. ac4 0.204 a.ol ·Of CelfgCrP..,Sb2f 1 l 1las 
recovered aa a green ao11d1 a 71eld of 87% baaed on eqwsticm v-s. 
* .An infrued •pectl"W'A allowed only traces of lluorocarboa.e. 
t Tb.ts vae not pU'l'IJ oxygen, aa ..a.11 aaount• of f luorocarbon ware o'baened 
in a inf rai:ad apeetru. 
Protttt tes of. Ca r,~l'J'&t§}.:a .. ~J l • Cs 1'1 Crl1tSb2 r l l 1• a yallov-areeo 
eo11d tha't rapldlJ turns green aa4 ftnally l>lack at troora t•peratue. 
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The COJApound has an odor remtn:teeent of rupberri.ea when expeae4 to 1a0iat 
air, wll*r• it rapidly tuna dark green. It d.ecoapoaes rapidly at 1438 
uttbout melting. Tho co.pound d1sao1ves readily ta (anct ta ll7drolyaod 
by) Hao to give c6r 6 and a Cr(Ilt) aolutioa, as 4 te1t1.lned by electronic 
•l'CtcCra of the nyd-rolysia oolution, a CgJ'g/RaO aolut1on. and a Cr(II1) 
solution. Data for thie i• ai•n in 'tabla XVI. The powder 1'1"$ctrua 
ia CiVi n in T ble XIV. &ecauae tho compot.Uld deco oaaa at l'OOIA te per -
ture. apparutly with evolutLou of f luoroearbona, the ehendcal aaalyaia 
result• an poow. Only C and F could ho d tendned baca•e. of inter-
f rence.•1 c. c lculatedt 9.29. fowuh 8.24; r, c.aleulateda .s2.o. found: 
42.4. The tnfrarea spec~rwa of CtF6CrF-Sb2r11 ia given in Table XVII. 
Peaks at 1450. 1240. lUl.5. aad 1025 .-1 q-rce well vtth tboee 
+ . -found for CeF1 (94). the SbaFu frag•nt ap ears, ae do the thr• 
Cs-F .Ce• of the CrF-.Sb2ru- ion. 1.'he tw C-CF atretchiug lJIOdea are 
801b0vhat l.ovor ~ha.a 1n 02C~r,sbaf11 and Xe(CrF.Sb2F11>1 aad aay indicate 
a greater amount of negative charge t~anafered to t~ c~rOlllium. A R411&u 
apectrua waa atta.pted, but no ecatterina vu oataio d. 
he a , atton of tr c.-r Sb ru. To 1.32 11T01 of o2crJc.Sb1l"1 h COt\-
tatnod in a 40 al fused s111ca reactor. 14.70 mol of Ifs wu adda4 at 
•196°. OD van1ng, a bt"own solution forrMld 1 and a aa• was evolved. The 
reaction 1ldstul'e vaa heated to 60° for one day to inau:re ooaplete 
tteactlou. Tbe volatile uc:ai-lale were re=oved as before, whlle the 
••••1 was lMtld firat at -196°, and then at room t~peratuh. At •196° • 
a colorlees gas with • mlecular weight of 3S ••• recoverads this ts close 
15 
ILICTllONIC SPBCTM or c,r,crr .. sh1F11 BYDB.OLtSlS PBODUCtS 
+ y myeato ( 1a lla.2) ~!J, (tn lia!!) CTCb 'R;z9l.1t S 1n Ba9J. 
VavelGDath(ne) Intensity Wavolen1th)nm) tnteuitt Wavelength (rm) intensitz 
665 (w) 690 Cm. h) 
607 (ta) 630 (s) 
425 (•) 440 (s) 
%90 ( a•h) 270 (a,eh) 
226 (a) l28 (a) 
























































to chat expected for oxygen (w • 32) 1 and 1.31 mol as recovered, a 
yield of 991 h•••d 011 equation V-6. A brown solid reulaed bebtnd, and 
1t weight was d.oae to tha.t expect d for IFa.Cr'F Sbzf11; 1.49 muol w 
generato4. but co iaora IP5 could be removed at roo• temperature or 40°. 
+ 
»1 an.a.logy to the raaction of other Oa compound with n ·s (Sa), the 
reaction ie aesurrr d to hat 
(V-6). 
11\e yield of Ill'a.CrP~Sb2f1'u 18 then eaaentially lOOX. No attempt ""s ud 
to detect IF7 as the separation of eull qu:atlt.it1es of IF7 ti-om If5 ia 
dif f tcult. 
Prop•rtles of lF~Cri~Sba?,11• IF~CrF~Sh2P11 is a brown solid that 
i '¥ ry eenaitive to moisture. tt hydrolyzes 'Vigcrou.sly, foming a 
yellow-green •olu.tion. lt ..tacos.poses vtthout melting at 153". 'fhe 
powder •pectrum ia giveu in Table XIV. Reaulta from chanical analysis 
were aa followau l, calculat '1: 16. 2., foUhd: 1.5. o; f • calculated t 46 .1. 
fowtla 46.S. Aa with the other coupounds 1 Cr and S}) could not be 
dete1lr11ned. The infrared apectrum of tr~crF4Sb2~11 ts giv&" in Table 
X.Vlll. Ko attempt was uda to obtain a rtama.n spectrum. 
the epectX"Ua conta1na two very broad pe ka th t uak definita assign-
•tits d1ffie.ult. Tbia is to be exp ciu. as quatorial I-F atrutcllef:l 
occur at 733 oci 720 cs:tl in xrtstsr; (69)• m..tle axial I-F stretch occur 
t 645, 611, and 614 en-1. Since the Sb2f11- ion also abaorba in these 
re.giona, raaoluU.on ia expected to be difficult. The peak at 325 Qll-1 
uy be aaalped to an Ilf defol'1Ult1cm1 tthich occurs at 345 cin-1 in 
+ - + lftt Sbf1 (70). It i• po••f.ble, therefore, tbat an tr._ cati011 ts preseat 
here, but lt ta by uo u.ua certain, a not all the d a could be 















v C.rF, ".SbF. vlF J ·-
Sb2F11 (7) 
v Sb-F-Sb 
6 I-F IF4+ (?) 
6 Cd' 
observed. Two of the three CrP JlOdea of tho CrF~Sb2F11- ion appear 
again, aad it taay be that the anion is iu fa.ct CrF1tSb2F1 1-. Again, 
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ba4 use of the ov•rlapping M•f:" stretches, one cannot conclude thi& with 
certainty, but it seems reasonable. and is consistent with the behavior 
(88) of 02PtP6 with IF5, namely& 
+ -llFs + 202PtFg - 20z + 11., + 21i'a.PtF1 (V-7). 
+ -Thus, a fomulation of IF .. Cl"P1tSb2F11 seems acceptabl in assigning the 
spectrum of the compound. 
Interaction of Kr with CrF~Sb3F11• To 1.99 mmol of freshly pre• 
pared C~F~Sb1r11 contained iu a 40 ml fused silic reactor, 2.04 mmol of 
Kr w s added at room te rature. After two weeks at room temperature, 
the mixture was heated to 60~ for two days. The volatile materials were 
removed as before, while the vessel was beld at -196°. The CrF .. sb2F11 
waa quantitativ ly (l.99 mnol) recovered. N'o reaction took place. 
Interaction of 12 nth CrF~~Fu • To 1. 99 maol of CrF,.Sb2f'11 
contained in a 40 nil fused silica. reactor, 10.l ol of N2 was added at 
room t.emperature. The reactants were heated for two hour at 60°, and 
then tho volatile materials were. removed as before, while th V£ssel was 
Q held at -196 • 1.99 mrn.ol of CrF4Sb2F11 was recovered. Again, no reaction 
took place. 
Discussion 
In view of the reactions outlined above. CrF,.Sb2P'u appears to be 
an excellent oxidizer. The fact that it is able to oxidize molecular 
oxygett and xenon suggests a rather high electron affinity. F:lgul'e 11 




02(g) + CrF4Sb2F11 (1) ~ 02CrF4Sb2F11(s) 
+ l.iH 1' 
vap I \V 
+I CrF4Sb2F11 (g) I - Uo 
- E I I 
\V \V I I 
+ - (g) 02 (g) + CrF4Sb 2F1 1 
As•uain th 're ctiou i xother ic, L\Hf 0 !. o. Th fir t ioniaation 
pot tial of olecul r oxy n is 1175 kjoul/ 1 (95). 
v pori•ation of Cri~Sb2i11 i +73.64 kjoul/ 1 1 as sur d by t e uthor 
(Cf. 'napt r 4). Tb lattice en Tgy of t dioxygenyl salt b 
cru ly timat d using th 
(V-8). 
+ provid d the ion radii are k.nowna for o2 , r(0-0) a.a found to be 
valu gr ater than 3.3 • 10-1 n but less than 7.2 x io·i nm. U in these 
2 
stimat s, 1 tt1ce energies o 2.8 x 10 kjoul/ l(for r+ • 1.13, 
- 2 . -r_ • 3.3) and s.o x 10 kjoul/ ol (foT r+ • 1.13, r_ • 7.2) wer calcu-
lat d by the Kapustinakii equation. For this om-Haber cyele• 
Alff o a AH.v p +I+ (-E) + (-U)• and in.ce Al1f o 1 unknown ut sum d to 
b neg tive. only ac upper limit can b obtained for • Using the smaller 
2 
value for U gives E as !. 9.6 • 10 kjoul/ 1. The lar er value for 
2 
g1v a E a !. 7 .s x 10 joul/mol. By uaing radii producing t xium 
!attic eneray, th upper poss! le limit on the electron affinity can b 
2 
s t at 7.5 - 9.6 x 10 kjoul/ 1. Ptl6 was bo\m to have an lectron 
2 
ffinity of -6.8 x 10 kjoul/ l (88). o th t CrF~Sb2F11 an4 t 6 re of 
approximately qual strength a oxidizers. th se two coapounda have the 
highest electron affinities k"ll t pre nt. 
Uein values of 7.5 - 9.6 x 10
2 ~joul/mol .. 1 for Band th 
K pustin k11 q tion, tog ther wit appl:ox:t te ra 11. ap ro 
of f o ion .re calculat d for the reactions: 
t~r + Cr¥'1tSb2F11 • l~r•cr"F,.sb1!!· 11-
Kr + 2Cd"'4SbzF11 .. :tr++ (CrF,.Sb2F11)i 
Hz + CrF19Sbz.Fu • l:iz +C~T£i.Sb2Fu-
Xe + 2CrF-.Sb2P11 • Xa*(cr~, .. Sb2P11)a 





T:11 smaller val e. of tha electron affinity lea.du to negative AH 
value&, a ui t:o\lld pr~dict that th{:Gtl rt.Utctionu occut:. 'i:h~ larger valu~ 
of the ~leetro:n affinity, givet1 AU valuaa that are still aegative, l>ut 
much la.r~er. Using eith.et· value, xetum. is preuicted to react vit.h 
the othero were not observed. 111e t · ble: i8 1.\ot intended to be: uued to 
accuratttly predict heo.t~ of reaction, or even to get a better iuea of 
the electron f finity; it i& intended to illustrate the very approximat~ 
nature of these caleul.atione. Using the upper lirait f.or E. Ollff; ob aiu 
3 
a. AH • -1 K 10 kj/mol for .a raact1c:m th&t proceeds at room tettporatul."e. 
Since a solid phase f oru f l."l'm a liquid react~t and a gatHlOt.ts r~actant, 
one would nardly expeet a favorable (i.e •• µoeitive) contribution frOlll 
th~ ~ncro11y tortllf#; actually, the entropy will be :n~sative, and uay be 
fairly 1-rge, posA1Jibly leadin~~ to a posid.ve AG. The xenon l'eact:iou 
proceeds, however , so AU wst be negative. and large enough to overriilil 
the ntropy tel:'Ul1 aod we c n arbitrarily et th !AS te at about 
! 
+l x 10 kj/mol. Usin11 this val~, one cannot predict that react.ions 
V-9 , v-10, and V-ll shoul.J ·f•11 (thQy d:b.\ undeT the conditions tried 
htrto) - but one can oh~e.rve that, provided they do proc ed, they will a 
so leas readily than the ~c.mqn or oxygen r~nctions. Unfortwiately , one 
can l ost diacem tl~ia uuch from n eonsid .ration. of ioniaation potential•, 
ipt:ox te 
f 
( kJ/ 12 
+ 2 2 I 1.1 -7 • .5•10 4.6 lU +4 )C 10 
... + 
• 7 -7.3 s.o -1 )ft 10° 
... ++ a 
.1 -1.s 15.1 -1 JIC 10 
1.47 -1.5 14.' 
2 
-9 • l. 
+ 1.03 -1.s s.o -1 • 10° 2. 
........ 
2 
"e 1. -1.s 14.4 -9 • l 






- .6 .2 l • l-.1 
++ 
, 
1. .. .6 14. -1 JC 10 
' "' l. l - .6 s.o - k 
hut th• caleulatloaa an ••ful to 41bow relaciw •hbilitiu. \b• uu 
ener 11u ill obtainlag a valu. for ti. lattice au111 ben U0 i• 
ol>aabMt but 0191 ebould be u.ecl. Ia .Wition. only very _,prold.Mte 
f.oaic radii nre Gff4, aa.S tu •i• l'Miu la of nff:lct•t upitude 
te allov aatoa-aa.iou eoatact., th• tavalidad.na tbe whole procedure 
for oaleulattaa Cho lattice eaer17 (96). 
Ia. a441t1m to 'the •pectral •Yid•ce o)tataed. co phY• tlle ala-
cau of a,.+ tou ta 0acrr,1baJ11• tbe Teac1lon• 11.,.. hen al•• tadic•~• 
that 02+ tou •h pnaut. th• 01Crr,sta2ru ealc. 11M ocber tioxya•Jl 
COllpOUDCla (92, 97). 1e • atnag o&ldiaor. lt b ctuplued by Xe •t 60° 
. + . . -
co gaer•h l•(C1'F1tlbt'ru)z 1 •4 by ctr1 to geae•ate Ctft Crl,lbafu • 
Mua apectral at\Mllu ot the ructioa b•cweea Otlbre and le (91) above• 
tb• weactioat 
(V-1%) 
aiah.t occur. u OXJ&• vaa detechcl. !he nuttoa V-3 u th• flnt to 
chtndcallJ' oonfin the•• aau apectral data. QaAaf a baa hea ahow to 
+ - ' oatdiu c1r1 co th• aOllWhat uutable c.r1 Aer1 (94)1 1D the .... ••1, 
+ - . -fltCJ:l'ttAar11 ia able to 1eaerah ctr, Crf .. SbaF11 • vldcb, like Ctf1A•'•• 
t.e alao unatable. X.(Crfttll>aru>a vu .i.o able 10 oas.cta. .. Ct'•• •• 
all tAue react1ou •Y be wationaltud b7 coaatun.aa the ioat&attoa 
poteottala (99) of varioua apaci•, stvea ta Table n. 
Cd1tlb2ru ia able co n14ta• x.. oa. ad Cf Pg. 'but not 112 or 1.r. 
the •n•aci••• le(Cl'r-.A1ru>z aao oac-rr,sta1,Fu an apecte4 eo OJd.clis• 
CaJl&• u it.• loataatioa pocetial fall• below e.bat of Xe or Oa• !be 
loalaatiofi pot•ciah of .X. aad 62 are ao cloae that tat•rcoaver•ion 
.,.. expect.ad, .. ,.ctally •tac• there •tP••n to k a laq• 4Uf••••• la 
TAKI XX 
lOllUUOlf POTUUALS 01 MOLICULll AID AtOMS (99) 







1" all of the•• -i:uactie•, fluorinetioa did ut oc~vr. u the 
t:d~1tSb2'11 •ililP1'1 ga11m11 on •l~ctr- to !om ti1e. C~i .. Sb1»11 ... •p•cd.••• 
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ApparQatly tbia apoci a 1o.t rather •t•l1l•, •• it w1tbatow tw at~ent v1th 
x•on at 6:0<> ., and U"s at 60° without ebangit\S• lt MY b a fai'l"l.y good 
oaidta.e1," 1.t&01l, 8 C6f 6 + 1on.o Stl01it~ly ~ dUOf'115JOe~d itttO YtAJ::l®S 
fluorocadu>n• (hf.ll'U, Uuodnat:ton probably .did ~cur)• hut •iw;:io Ae1g-
- • • . . . 
and Sb Fe ar• •leo a.bl to f luorin tt' C1if'1 • 1 cannot ~ con•i-dur d a 
•trong ox1dlaer or good fluoritu1tins at;cnt aolelr ott tn. evidwce of 
CUAtTD. n 
OXIDATION OF SIMPLE r1an-ROV MET.AL CAIBOHtLS 
llY HIOD»lSllLrutlYL DlJ.ltUOl.lbl (SzOaJ'a) 
~tnducti.ga 
Reactioaa of SzU.12 vltb ko(CO)e (30) aad V(Co), (li) ~• fona new 
fluoroaalfate• •ua&e•ted tthat other cal:'bonyle mabt 'behave aiailarly. 
The carbonyla V(CO),, Cr(C.:O)a. Mtlz(CO)so. Fe(C0)5, aad Coz(CO)a were 
cried an4 found to gel:lerate fluoroeQlfatea when reactod wieb s206r1. Jn 
The followiag re.action• var-e obaened1 
2V(CO), + l7S20al2 •2° 2VO(S03F)9 + 14S20sl1 + 12COt (Vl•l) 
0 
2Cr(CO)e + 1.5810611 69 2Cr(SO.F)3 + 12S20sf2 + Uo.>a (Vl-2) 
2F•(C0)5 + 13.SaO&Pa ... 5. 2hO(SOaf) + 12S20sra + lOC01 (VI-3) 
C7J'11 
fe(to)5 + 2S101r2 • Fe(CO)-(S09Y)a + S20sf2 + COa (VX-4) 
lin2(~~)10 + 149a.06f2 r•S• 2Mn(S03l)-
Coa(OO)t + 1os2o1r1 ••S• 2Co(soar>1 
+ 4CO (Vl-4A) 
+ 10S205Fa + lOCOa (Vl•S) 
+ 8S101 ·1 + 8COt (\11•6) 
In ell of those reaeU.one, verytng aaouata of CO and COa nr• obaened• 
suggeating that oxidation proceed• fi1!at with elbd.nation of co. which 
tun u aidiau by S101F1. acc:.ordiag to tho equations 
Thia r•actioa 1• boa. to be ratllel' elev (30, 34) • aad would explain vhf 
both CO and COa wore obonod aft.er tbe relatf.vel1 ahol't reactioG tiMa 
uaed 1c tit!• a_tudy. Aa Mntioaed earlior, che composdo PeO(Soar), 
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(S03f)_, Pe(C0)-(8011)2 aud Cr(8011)3 bad not been prepared pr~a11. 
while 1'e(S01l?2 (J2)• CO(M>1P)1 (S2), atMI VO(S01Y)a (35) bad beea ph• 
p«&ncl euller. 
E!e•r:S..acy 
Pr!p!'f•!1• of V0(80s!)a• To o.2os wl of V(CO)g, ccmtdaed la 
an 80 tAl f ... d ldlica v .... 1. s.66 ... 1 of 820•'2 •••added ac •19.6°. 
Uo reactia oc:C\ll'l'e4 or.t wUld.na to ttoa tapet"atve. ao the atxture vu 
heated to 50°. A reactioa OCCU'l'ed, ad pronced a viacou• l'H liquid 
that vaa •P•X"iagly soluble i.o the excqa S20a'2• Tb• ruction required 
aeveral hour• ¢0 go to coaplettou. The volatile Mt•~iale veu re.wed 
••before. f1wat while the veaael vu aelcl at •78°, ad tbea at room 
tavel'ature. Ail 1Df r red exaataattou. of tbe volatile uteriala at -78° 
abowed co,, co, and 81011'2• holoaga4 puaplag oo tbo reeidue at rooa 
t•peratm:• 1uUed. 0.202 .al of ~ed aoU.d VO(S01f)sJ thta waa nee••••rr 
to re110Ye tbe. exeua Sz01f1 fna the aol14 VO(S01Jr) 3• the 71•1•• hued 
oa equation v1-1. wu 91.s:. 
VO(SOal'h could aleo N pTepared by the 1ataract1on of V(CO)g and 
s1o,v2 ill tho aolv•t c7rH• to o.9SS mol of V(C0)6• coaca.t.aed ill a . 
80 al ·-- •llica ..... 1. 1.2 m.o1 of dry. deaa•Md c,r,, ••• added at 
•196°. CA vuadng. a areaa eoluttcm foned• but uoc all V(CO)t cltuol•ed• 
The aixtur• wae cooled to -196°, and 16.71 mmol of 820af2 wae added. 
Waning to rooa t.•peratu•• p'l'Oduced DO ro.action, so th• taiat.un wu 
beat.eel to 60° • where the reaction occurl'ed ta •n•ral ~.. 4 viacaue 
red liquid chat wu tnaolub1e ta C7l111 va• loaad.. Volatile aat•d.al.• 
v•-r• rellOYed. u before. whil• tu 1'Hae1 vu 1-14 at rooa ceep•ratun. 
Ail itlfrared exmlnat:Lon of the" abowd l10sf2 1 COa. ad CiFH 1a 
addlUoa to S201ra• Preloa1e4 puapiog gave o.t27 mol of 'f•4 aoliG 
VO(S01r),. • Jleld of 97% bued on equattou Vl•l. 
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!!nett.Ma of YO~§Ot!b. •o(IOsr) 1 ta a d4lrk red •oU.d that 1• 
highly nuitift to motet atr. tt .1• soluble 1a water to give a 
yellow aolutlen• •• 4iaeolvea ta DMSO to &1•• u oraa• aolutiea wbi.cll 
rapidly ~oau to • blue eoluiton. Tbe MUd '-•• at 7s0 • Ml.ta 
'at 102-4 ° • ad dac•poeu to a yellow •0114 at lto•. "lbG x-r•1 povdet' 
pectna wu acrphoua. Ches.deal •alyai• result• van es follow•• 
v. cal.C\llat«la 14.04. foa4: 14.04; s. caleulate4t 26.4• foundt 24.6; F, 
calculated1 15.7, founds 16.o. Table ltX1 11•t• the tafrand epectna 
of VO(S011')t. toge~her with probable •••ipmeata. A luaa epectnm u 
riot attempted. fM n-"r of band• •ua .. ta that ·un the we type of 
fluoroaulfate * 1• prNeut, •• tlt.ere an fa'f aore tlum ain• vtbratiou 
that •Y be uatpecl to so,r aroupe. thu au1seatioa la •uppertec.t by 
the preHDce of tvo bud.a to Che 800-900 ca•i region• vbere Ollly S•i' 
t.ret-che• oeeur in flv.onaalfatea. A b14eatate so1r arftp i• prea•t• 
.. so band• at •13501 •1240, a4 •1160 catl • ctaaracterf.etic o~ a bi.4en-
cate S01J' gnup (56• 71)• u• Pl'•••t in the apeatrua. A ~tace 
so,r group 1• a1eo , ..... , ... ebaracter1et1c so bcde fol' tbu group 
are ot>eened at 1410 and UIS .-1, tl1e thiri 10 band for Ike .... .-
tate soar anup, WN&lly found nMl" 985 .-1 (.17) le probaltly hurled 
• 1'ba nad•r 1• ref erred co Chapter IV for a dtecwse:loa ot the va.-lou 
_... of fluoro utt•t• hoading, and the weRlt.iq vil>rattoul ept1etra. 
TAILI Ul 
DfM.UD SHCDUH 01· YO(SOaY)s 
Pl"!t!f!MZ ~--1) !!t-tg A!•i9MDt 
1410 •·•h V· 80 (laOGOden-.atG) 
lJJO 
··•b 'V so (bid•t•t•) 
1285 ........ vaa SOa (monod.eat ai•) 
1140 ••• vaa SOt (td.dnt•t•) 
1160 ••'-r ".,. Sot (m11ao u4 bU.tate) 
950 ....... V•Jl* V•O. vaa,a V-0. 




720 •tbT , .. 102 (b14.atate) 
610 
··•bl' a•• S01 (llOGodeacat•) 
570 • ••1" SOa (uouodentate) 





453 a-v,br • sr (-.mo4•t&C•) 
380 v.b-r • 
., (bichmtat•) 
il 
wtdor eithor otui of tile broad. ov.erlappi'Gi be;tch,, con.t•r•4 at ll~O R 1 
•4 9.$\J: .-1 • tfut broad band at 950 <f.:fltl protut~ly ooncaio.u th$ $1D•tric 
n4 tie~ti-ic V•<> earotclw• (lOO>. wailt' th~ han<l at 4jS; catl pr0Labl1 
repr t.sattta. tba V•\l "tt-etcb., .as Gai(S01F) sl•Ol11e a G -o stretch at 
44S <tra-1 (56). naruis tit 815' , 620• a.Y.d 570 ea·i y b.e a ·id,sn.ed to a 
aoncdentat . ~·oa'j .~oup 1 comp ris® of the po it.iotl of tb af!t ba..<rttJ w1th. 
th~ po ition. of 1 · lar b de ht ot:htn: ouod~t te fl O'Cosulf tu &ucli 
r.>S.,te •• t,a ·~ im:.F srou 1 hy .n li0sy o 1.ai i ~·mt& 1r~ad for 1,:; (&o tt) (S<>). 
'1/()(SOa"if)h i:s rejfot'tc pr viously {35) • w !i claim d to i,~ ~ 
viscou · re: ·. li u1d, i1d oth .r tha!i ualy· 1s riaw lu. ao propcrti•u; wre 
given. It ~' l:le th t tb 1'4 .. (SD3il) pl' 1' r~J by t:lo1nt·op.f a.n~ Shr:eavu 
N:W tr ~as of S2'Jet2 or VOCla .-owatniu~,;. 
on prolonged p~piu • 
l of Ct'(CO)e• contained 1n 
a lQ.0 1 Pyrex gl ,,. ••uuiel• 19.S.5 m=ol cf S2t> '.f'2 waa add d at •196°. A 
caet:1on bq. at l'OOnt tem,r1c~a.tut'u• aa the white Cr(CO)fi ,~gan to tu-ra. 
arean. 111 l'WlCttc;n; is very alov Ci\t room temp r ture, so ·th itxtu-re vaa 
heated to uo0 for ao daya to e.~1.ete thee, l'fUtCtiOll. A pale areen 1olid 
tru.t wa.4 iueolu.bla i:n. Sz0g!1.a •••ult d. Vo" til ut•r~ l& "'*sn '!'e:aev d 
au before. w1t~1 t~• v~s·el f1J'$t t· 1a;g l,.eld at -1v0 , •i1 then at :roo~ 
t~•peratu.r~. ;~ inf r•r d ~:b:utt1on. of th V4olla.t1le mteriala t -1rr0 
fl!ho~d ouly GOi 1 SaOsl12 and tl20tiz . Tl~e reaidtic wu pal., anen aoltd 
CX'Om1r) 1• 2.06 ~l Yere recoveted, a yield ,of 1001 baaed on •quation 
Vt•l1 \qhru\ s2o6r~1 i be:lted fot long portod• it cont cg w:.tt-b teflo .. t, sou 
~,~ ro to in~n-e.trat into tl'iff t~flon, and thus ~roduce wei3bto •lightly 
92 
large.- tllaa theontlcal• .. occuned nen. !he pn••c• of l101F2 in 
tef loa can l>• aoof inri 01 lt• ab111t7 to oxidise acecou co tar af ••r 
the vuael bu ~-- ci...4. Prolonged heatin l!. vacuo eeema co 
rctmOW th• St0.12 & boweftr, u thu at.pc bave decompoaed the product, 
'GO ac.topt wa Mda to .. _... tbie 81011'2• aad weight.a oco.aetoaall7 wore 
bi h. The •ff•ct •••• cob•.,... p~•d t .11 the, ....... of c7ru. 
ae v1ll he Mell late'r. 
1"ho aol•eat. C7F11 dU not dfect cbe reaction. to o.448 ..,1 of 
CT(CO)•• cont U.d io a 100 al Pyrex sl•• vene11 36.S mol of •17• 
deaaaaecl C1P'11 •• added at -196°. Vamlag to toa tapel'ature a••• 
auapen iou of Cr(CO)a 1n C7Jfu. the aupeuion vaa cooled co •196 • aacl 
8.64 maol of S20aF2 vu add•d• !he reac&in tro1u •i no• t.-paratore, 
but aga1Q waa el.ow, eo the 1dxt.ve va heated co 00° for atx 4•1• co 
complete the n:actioo. the volatile ute11:1ala were removed u before. 
vb.tle the waael was bald •t noa cewpentun. An infrared aa'Snation 
of Cha•e ahand onlf COt• SaOsJ'z, C7FH• ad S20fl'2• Cir(I09F)1 '8JU 
left ae • gnen ao11d. 0.494 -.ol vu neover•d, a yield of 100% baaed 
oa equation v1-2. 
Pro19rt1t• ot .Cr$SOa!l•• toe tnfr•re4 a4 · lectrcmlc _,act•• of 
Cr(SOsF)a pt~par•• fTODl SaOaJ1 aod Cr(C0)1 wee. foUt'Ml to agree with thoae 
of er( Osf)a prepared koa errs ad S01 (c.f. Chapter IV). hrcner 
Pr•e•r•t"9 of f!O(BOl!l.• 2.at wl of ra(CO)s vu conden•e4 into 
• 100 Ill Pyrex slu• YNnl at •196°. a4 19.SS rmaol of 820,Jla vM ad.d ct. 
A •1aoro• ree.ctioA 00Cllrn4 cm wanlo.a to room teaperae:ure, aa4 a bl'OVR 
aolid lobed. The ruction waa coaplet• aft.er - boa at room tcuaperature .• 
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tb6 wlatU• •tertala wre reaoved u before, wbile t\e M•Ml vu h•U 
•t rooa t_,.ratue. An taf .. ue.d •••:lnatloa of the•• •b.tnfed co. to2, 
sao1r1. ad s2o.r2• A caa ultd nu1Md. 2.94 MOl of r.o(IOs7> vu 
~.a yield of 1001, hued on equation Yl•l• 
Pftp:•Qie• of .reO,SOJ.!2.. 1'.0(S01l1) ta a ltpt b-ron taolid vhieb 
u va, .... 1,1ve to •iat air. It 1• U.oluble ia an4 h7drolped t.y 
-..cer, vltb FezOt• • HzO appanncly 'Mini produced. It 1• wry eU.ghtly 
aoluble in DHIOa a electronic •pect'l'ml of a DMSO eoluttoa gaa oaly one 
cnq peak at J»a.. tu low Mluhiltty llfl1 "4• ~vented ob•ervation 
of w.O.r puke. The eOJIPOUQCI clecmapoaa at 1608 t the x-1'41 powder 
•pectna gawe the follovlng d val•a (10-1 a) (with tbelr reapeetiv• 
iateaaitt••)• 9.12 (a), 4.70 <->. 4.03 ( ), J.73 (•),. 3.28 (11), and 
3~21 (a). leeulta of Cheaical aaaly•le ....... foll.Off•• re. calculat••• 
32.6• foa.ds 32.21 s. calculatedt 1a.1. fouadt 18.lt r, calculated& 11.1. 
foun4a 11.6. Table Xlll ltata the hfiou:ed apeetnaa. A la1Mn apectna 
waa not att•pted. Str•a band• att •UJO aac1 -1100 .-1 suu••t that! a 
bi.ca..tac• soar aroup £9 pre*8UtJ chtl thir 10 •tr tch 1• probabl1 burled 
by the ••l'J bnacl peak at. 1110 .-i. Weak hand• at 1440• 740, and 660 .·1 
MY be ..,tpod to COllhlnaU.011 bancla. Janeta ltu the• var• ol>aerv•d in 
th int~ah4 epeccra of rb(I03f)2 •d Sn(IOaY)z (101). foaitiou of 
othel' 8011 _,... agr.. w1Ch tboee f oun4 for other f luoroaulfatea coa-
ta:lrdag bideat••• fl.uol'CHtulfat .. (S6). 
bJ.n!atS.9 of fe(CO) .. tSO•ll•• 1.84 wl of re(C0)5 waa conduaed 
11110 a 100 al r,ra gl.aaa •••••lac •196° • ad 48.8 -1 of dq, degaeed 
C1r11 WU added. Waftda1 ·to Jl'OOll teaperatun pndueed a pale ,.11ow 



























coablaatioa baad (l20 + 1110) 
SO (A") 
vaa SOt V•Ja SOa(A') 
vaa r.o.vayai :feO(A1 ) 
SF (A') 
coablution bud (420 + 320) 
coabta•tioa bad (2 • 320) 
, .. so1 (A•) 
,.,. &02 (A") 
4oya SO;a (A") 
' 
SP (A') 
,. S01F (A') 
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vaa add.ed. On wandq to rooa tetQpU'atve, a reut1on oacun-•d, aad 
a bdght yellow eoU.d pnclpil•t•d• Aft•l' t• hours ta the Oal'k at 
ooa taperatur , th• reaction vu COl!l'lete. The volatll• uced.al 
Yellow •0114 re(CO)~(so1r)2 re .. tn4ld behind. 1.94 lllDl ... •6COV•l'1ld, 
a yleld of 100% baud ou eqwttlon Vt-4. 
hpJl!ttle• of Fe(@}a.($0s1Ja• Fe(CO)tt(S01F)a u a yellow eoU4 
wh1eh de~ea. slowly iu the dark t rooa teu:peratur•• It dtaaolvea 
1n donor aolveots •ueh u etoor. aectone,. Md vate-r wtitt the ••elution 
of a an. P•••wiably co. lt waa ut dlul• 1n heu.ne. petroleum ether, 
or beuene. Th eo114 did act Mlt below 100° • whe-re tt 4ecom:poetnl 
r-apidly to whit• J?e.(SOal)a an.4 co. An attempt at u x•ioay powder 
ep ctrvo f ali.4 wbeu tho aeap1e decalthonylale4 ta ti"1 bfMll'. Sat!.ef actory 
cb•1dc.al anal19a could aot ba obtaind • eap.lee .. h:c•,os•d in tr••it. 
A • ..,1. wall quancittvely 4ec~ed at ioo• (••• bolow) 40.<1 ~t. re•ulttag 
Pe(S01P)2 wu anal)'lt•d vi.1th tlle following 'C'eeults: re. uleW.atedi 22.1. 
fom\ch 22.21 s. calcul,ated: 25.2t foadt 2S.31 r • c leulat•4t 14.9.5, fomuh 
14.S. 1.be coepouud •a tlteau.1 ••abtltty vu lnwuJt:.igatad by h•at1ng a 
eample Wtder vaeuua ad •xatfliain.g the Y01at11e and nn•volattle pt'odoct•• 
etllca rtaetor. Tho reoetor va• eveC11&ted and coau.ctea to the gla•• 
vecuua toanifolcl through a ttap that••• cooled co •lt6°. Arrana .. ata 
were aade to uaeli_.O the eoleeula• weight ad iaf ¥al'e4 apecira of •Y 
gaae• that were a.on-coa.deu•1bl• at •1968 • An cmm ac 100• vu then placd 
aftUJld the veaael. aoct the 7ell• re(C0)-.(803'1)1 began to t•n white. 
A p• "*9 fWOlved that ••• ua-cndentibl• a& •196° J • lnf .. are4 *l'•Gtruta 
'' 
of thi• au ._. .. CO to he pre•ut. le.a aolecular w•qllt wu foun4 
to be 27 1/•l• ia good aar•_..t vittb the value of :a g/aol expected 
let: co. Witbin. 1 bour. co eeeaed to be fl901:red, .m4 a vit1ta soltd 
reaataett. No condell81ble •olatile produeu w ~· obtain d, An 1afran4 
apeetr of ~he white raaidue waa ideat1cal to that ot Pe(IOti)a (101). 
0.562. 1 w.aa obtaiu-1, a 7ield of 981, ba•ed oa equat!.oa Vt-4a. 2.16 
1!ll01 of co ¥0 obtabt.ul• bile re(CO)-.,(S01'f)2 wa a•pectetl to gaerat 
1.31 maao11 these 4ata ive a (!Oa¥e(Sll1lf)a ratio of 4.111. in 1004 
ap-et\Mnt with ~e 411 ~•tit>· p01ttcl.at~. 
The infrared apect..,_ of J (Co),(S03J)2 ts gtv n ta Table f..Xlil. 
A ape,ccnm 11aa ot att apt . d• u the aoU.d 1• soma . at light aen.•i• 
t1Vfh Fo'Qr diatlnct co str.tdlo 
,...l 
re obsuved 1'ear 2200 ea • SO 
strctcbea ehairacte:riat1c. of a J»llodant.ate (77) so1r group ar 411.ao pruent1 
the o a~ the b~ ea 14101 1245. and 1040 -1. The bo:nd •t 1340, 
llOO, ad llS-0 aa-1 appear ·to indicate. th proa nee of a b1dent.at 
SOaF· l""P (17). or chey 4ould be the SO modea of a• eden.tat SO;sF group 
in. a di.ff Gt:ent 1u1vt~nt Chan the fir.at. S sf roup; o wuere tbe 
sy~tey of t so1J aroup to reduced t-o Ca by a low ring of the 1tet 
a,_.tl'J WO\tld be expected ta slto11 a apectrt.a d.mi r to th of a 
bidentace SOaf gtoup. Tb po tulate cf noa-eq_uival nt anion.a in ttte.tAl 
fl\&Oroa·olf&&•a ,. aot AO • Tho &fHIOttu of 1hl(SOJF), ... ...... , (Ui to 
tvo nonequivalent C$ (bideut t•) flu.oreav.1f te group1 (71). and th• 
apoctnta .of Sr(SOai)i U. been aaaiped to two aon-eq•tvalnt: Ca• 
(aon.odeutat•) fluoroa\llfate 9b)Upa (101). Xn vi•• of Cb• ,et1U.oa of 
th bands that rau.st b ' attl'ilbuted to tho second f th• aoa•equival•At 
tav (Mno4encaie) f1uor:oaulfate•• such an atudanatm.t ae~ quite 
TABLI llIU 
INFllA!UU.l SPECTRUM or Je(CO)-(ti03l)2 
t1r~guencz _(Cl1\-l} It\ienottz Prohau.la Aasti£i!iMUt 
221U A t!l 
" 
co (Cia) 
2200 • v CC) (Cia) 
2.115 • \1 co (Cis) 




1340 a v &O 
1245 .... l v so1 
1200 a v S02 
1150 o,sh vsym $02 
l<UtO $ vsyAt so1 
920 n 1 b'f v 51:-
163 G ..., si: 
615 tt-m, oae 502 
600 $ 6 Ftl•CO 
580 8 ~ 'Fe•CO 
520 ht a•r& S02 
430 ti.J ,bl' & SF, vJle-C 
400 m \I i 1eC 
objectioaabla1 a• they -11 fall ~here a CG (b1dentac· ) flvoroaulfate 
•!1euld abatr peak.a. Unfoi-tunately, • strict Ca (liidet$tate) usipn n.t 
d, nd that t' e !ton be even- or eigbt-coordinate, d.ep•ndhti& upon 
whethr.lr the b1'1euta.te S03l grou,p brtdf)O$ two iX'Ot\ centers. 01' 1& doably 
att4obed to tbe s~ iron center. unce both sit:uation• fall under Ca 
~ .m~try. Such eoordination li.umber fol' rez+ '90\lld be t"eaarkablG• if 
uot uniqu~z. i'!!il~othe.t" arg~eut agains.t a Cs (bidentete) aaai~it C0t;1ta 
frota a eon•i er at ion of t1Ml etructure- of th~ d~composiUoo. prod.uct • 
~'e(SOal/)1, 9 as ul1 A$ t.ba relative eaGe "1:1tb i.iidl 1tw(~)tt( it'):z d -
colll.poa • lfe(S01i}2 ;~ b~ show-11 to coi1tain uRly CJil (aonod@rat'.at ) 
f luoi-o•ulfatu {l.Ol) • :u.nce tt.e m.~ta.l-oxygen ban t$ of •£al fluoro-
nulf atefl ore. fairly st ons boa ·ia (102) • oue voul4 not e;1.pect a rapiJ 1 aay 
eoa: v. .. rd.o·u of a btdeat•t• fluorottulf at~ group to a t.0no4m1tato fluoro-
sulfatu 8J:O\lp 1 yet tl~h a ..:.onvureion m.iat take ·plac. if a Ca (bidantate) 
SOgF group iw pre c.ne. beuua th~ product lfEr(SOii').a coutai'& only Csv 
(lllonodtt.ntate) bU3i-1' sroupa. A uoae<1uival"'nt,. aonodmtate SO a ' group ia 
Fc(CO)-.(S09:tr)1 couJ.d easily become ~'ll.t1valeat upr.>n lotuv. ot CO through 
a ch~ge in its a1te fi.Y~tryi, however, as uo ~tal-oltygea bonds n:r:a 
bl:'oken. 
Fo r 4istinct co attetclu .. ~ a-re ehithH'Vetl; this is couistat only 
with a Cgv(Cis) strucCul'e fGr cbe F•(Co') ,. frag.mt, •• • llt;b (trc ) 
tJtructura '"1.itil b.av only one· c;l(lgeneure.t CO tretch. B•d• at 600 ar.ui 
5i0 ca ... 1 arG •8siiltUM1 to i't.t-CO defoNation. J these are olu;ervE«l at 646 
iUtd 620 .-1 1n .i"e(C.O) 5 (103• 104). U•tl4s at 430 and 400 a-1 «tay be 
assign d to fit•C •tret~~\1u1, •s tbesa oceur at 414 aua 431 ~Wi-1 in 
lfe(CO)s (103. 104); t , e pl"~sence of lllOJ\\Odttnuie fluoro lf&tea b 
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~ntil'elf Dtlaistent. vi.th 4 Ct"' etiiuctur• for the F'o(CO)tt fra.~nt. 
h9par•tioo. of Y-lQ(SOaflt+..:.. To o.446 sol of Mna (CO) H• con ainod 
in 100 
~t~riale were removed s bet~re. while the v sael ~as held first at 
-7t/', and then at rooa teap t'ature. An infra.red c.;o~uat1on cf t 
volatile uteri.ala at -7t/' sbowt1d co, c~ • S205F2 • ad small :qu t.it1ea 
ot SOzt'a to ho. pr,uumt. Ci"ey-brow11 Hn (S03l)a. re~J.ne4 t>ehiud; o.sso tnol 
was recove.rtid, a yield ,of 96: based on qu-.tion Vl•$. 
l of Hn2 (~Oho. contained in a 100 n1 Pyrox glue reactot • 37. J l'ilQOl 
of dry tt<lgassed C1ll6 '4'aa tlddt?d at •1966 • On waming, a yellO\f solutlm1 
C01 , and S10s ''.h but no il02F1 1n this case. Again. gt:~y-bl'own ~l't(S03F)tt 
ramuinad bel11ud; o. 738 mol ~ n obta:lned,a yiald of 100~ basod on equa-
tiou VI•5. 
Pr:opet5ie of !11:1 (SOi!)..-.. l~c (SOil1)4 is. an atllOrt>hou St'41-bro n solid 
dl4t ta highly l)e:asitiv to moietu"•• 1t: is hyd:l"ol.yuQd to a blacl-. solid 
by water. but b i-a dlly 'BOlub1e in tYi:fSO to give a vtne.-.red solution. 
this eolution decomposes in ever l h.out's to yield a v ry f ain.t pink 
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tn•h11 ,..,_._. W aoluu.oa of Ha(BOar), 6-.t ,..u (rith their 
WMpecttM eaUactle eoefficleai•) at 510 aa (a • 1.2 • 10•) M4 
320 • (t • 3.6 • l(Jl)I no .otller HG(DHSO)l+ QCC&ra baft ,._ r•porca. 
but Mn(llllo)I+ •Mw• oa pea at sos ma <• • 148) _. .i.. .....,.... co 
Hn(ll) ._., a pulotl of •••ra1 ba•r• (105). It te PM•ible l\\&t ch• 
Mn(S01r), '-41.at9l.7 I• n4eed to .Ma(lll) tiy the ••lftOI• _. tbat tile 
peak at JIO aa i8 ca...i '' .UdS.ad ftiapeaca of 11110, btat it i• alee 
posalb.1• dlat a. ·•pect.,_ of lfD(I011') .. la OMIO ia a ...... Ma(ll«IO):+ 
epeotft.1111 o1'lJ h:RM~ a'1Mll98 ea tM I• othel' nat.+ __,..... la Dll80 
would allow a ckoi••· !ht.a auc.tao• ,.-.fen to tntal'pnt die •PM&~ u 
Hn(llHBO):•. becaua• • iul•UG.._ reduatloa Ina MA(lY) &o ltn(lll) 
.... tmUk•11 wkea •(Ill) r94otn• .... .-ai boa• to b• re4..U to 
Kn(lt). ft• __,..4 4ecoap•u vilhout •1tiaa at 10s• 1 -4 gt• .. • 
....,meu a-ray ,...,-der ..-trua. Ruulu for cu cllaiul aa.i.,.u were 
u tollon• *• oalnlated1 12.41, founds 11.Ma s, ula1a&•4t 21.s. 
fouad1 21.21 '• ealeulatedt 16.a. feuact1 16.0. tbe la.feared .,..,.,. 1• 
P,wa la Taha Dlv. vMr• po\tdle uai.-nt• ace U.ted. a. •tteapc 
•• • ..._ •pee•.,. lult.4. The pnnaee of aoao4ata&e (Ct•> 184 
bl.s.aca&• (Ce) SOs• &Napa u qata iHieatd bJ the poatctee ef the 
•ia SC ............ ,,,. two II' •Cnhhea, .. ~, Cbe 4oUltag of Ch• 
ethsl' fluoruulfat• ..aa. ldlYUul •na--u an .... .. ta th• 
VO(SG1•>• ....... t. • alxture of aoaod•ta•• ... b'4nlat• SOa" ...... 
U COUUt•t ft.Cb a&a-eoordlaate ......... lt U likel1 Cb&I 1'U..-
tah •n4alaa SOaf ar•p• ere••••'••• Chu •itutioa t.. aora ... u-
anc nett the .-rpllowl .,..., '°"""'" apaetna. Two t>U•tab cl\alatma 
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v SO (--4eac.ce) 
v SO (l>Uatat•) 
vu lot (1IOM4•••t•) 
~ •Ot (btd .. t•t•) 
~.,. SOa (hideaCa&•) 
Vsyll SQa (.-odatate) 
" sr <•t.dentat•) 
v I~ (llOaodtmtal•) 
,.. ao, (hi4ntat•> 
,.. IOt ( .. aec1an1aee) 
..,. SQa ( ......... ,.) 
•·•,. SOa. (btdeatace) 
Y Mn-0-X1 4 l .r(\t14ahce) 
a sr (Maodea1ac•> 
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espnt..S. co ahov 11-• i• • .-r•1 powdu .,_,,.. vhtl• bstttaial so1r 
po.pa vw14 prodac. • polJMric ••ruot••· 
!UIRFlg S! 'Sf(&q\fla• re o.nt wl of toa(CO)e1 eca•.U,act u 
• 100 tll Pyl'u aia.. wuol, 11.J mo1 of laOtra VM ••••· . Oa n..i.a. 
• l'Mctloa k••• ad na _,let• wllM.D •1• MK• at - 1-.•rd•r•1 
a pillk-P81'91• •114 1l&d lorae4. Tlte wlettle aaterUla wwe l'eM'WU .. 
'Mf••· wld.1• ........ 1 ... he14 fil'•I at _,, •• -4 ChA at ... t.,.., •• 
t••· An iaf••ed .,..t~• of t.he volaUle aater.ala •& •18° • .. _.. 
CO• COat a4 JJa051'1• ,_.,le eolld Co(S01J)1 rttUiu4t l.41 aol wu 
olltaiad, a Jl.eld •f 961,. NNd oa ..-cs.cm ¥1-6. !'-••et ch• aolv•• 
G7f11 4U noc ._..Iba naecioa. to 0.110 .. 1 of C.1(0>)1 .• eMltain-4 
Sa a 100· al ptrea gl&wa •••••1• H.5 --1 of *'• 4qu"4 Ctrtt vu 
ad4U. •t •196°. ea v.nia&,. • deep ••~...._ ••lutloa r•nlcetl. n. 
ve•·•el vu cooled to •196°. ao4l t.22 IMOl of ltOtft vu acklM. Oa vawa-
lng, a reuc'• acun.S1 Del• papa a1td pracipltate4. Aft•• oae 
bnl' at aea 1_,.l'•C••• «ha •latil• ••utai. ••• reacMad •• i>•f'•r•• 
while &he· ... ..i •• -.14. at _.. ,_,...,... tafraM4 ••••ioacloa of 
cu wlatl1• •t•lal• shwe4 co. cot. 1iosr~h aad s101ra. •• wll u 
e,•11• 1•"'1• ••U.• Co(SOar>1 reMtaed; o.640 .. 1 ... ot.tda•• • 1s.1.s 
of 1001 baud • -.ucte Vl-6. 
••sun&•.•! ftilO•!b• e.<so1r>1 t.• • ,.,1. ffli• ._, "' 
Ha•lttw to uut ale. l& le ao1'6J.e :la wter to at•• a 1!e4-ol'•fll• 
eolotl••• •• dt1ae.l••• nadllJ in WIO 10 1t:u • ful'ple eo1u11oa. At& 
ele•trfti• •pec1e. of tki• •1•t1ea. a•• ,...U (rick taeu reapectlwe 
eatto.ccln eoefflctai•) et 690 (• • 40.l)• JU (c • 2)9)• 4l0 (• • 2t.O), 
al'Ul 260 • (t • 466), lo good •1••--• wtch a.,...,,,.._ pe1uhe4 fn 
lOJ 
Co(ilKIO)ta+ (106). tbe M114 cl«ICOllpea• te a,...,. HlU at 110•. 
lfl•ult• of cu.teal -17•1* were u foll.owat c., cd.cehteda 22.t. 
feada ZJ.11 1t.05t s, Mlnlatadt 14.lt founds 22.1. 2S,OJ1 F1 cala• 
kt••h ii.a. fcredf u.,, 11.e. a. ufcue4 epectna of c.(.so1r>1 
ape.eel with oau pre'9lR•lY publiaited (19, 101)1 it U l!atn la table 
XXV, alona vlth. prok\)lta uaf.punta. A ..._ a,_etna ne atlaptedt 
but fatt.4. Oa1y no so •trecabln1 ..Ua •• obe•.-.•d• •' tha•• an 
:la regteu apeo••d fol' a Cedaatat• 80tf lrotlp (c.f. diaCU8loe la 
Chapce.- lV)I 1t flu '9 fillQt pnvl0\&•11 ~-" aaalpect u 0-ontaiaiog Ca• 
(t•...S•tat•) 80s' P'ftP• (79). !be conpouud Pft a __,boa x•ra1 
p0Vd9~ ..-cta.. again coaauteat wtt'tl tlte •P4*cU.clou f•~ a exten• 
•ive11 t.rt4aed ·•,.t•. 
Dt1!'9• 
TM •• of tlMt N1••t Ctf 11 .... MC ...... dl• .... of th• 
nMtioa •••Pl wMa ••(C0)1 ta eb.e cart.oa71 t.•lD& ""4. It ... . 
.od•s•C• dl• ruetia thou.P, aa4 nactt.ou cook f•r lua ts.a to r .. a 
..,i.tloo ..._ th• solWlll •• ue4. Dt• aol.._a al• ..... to 41e•i-
pate tlMI i.ac of nation we11. ma4 lo rdu• tile ••a•~ •I la•ae 
ptt•MD'• wild1'p• nsul•iDI i..- •wld• co nleuea lll•, ca. 4aas•r ef 
apleet.oo 1• w..tuo•d. la Yiew of cu f acc lba& clle •olftat aliov. 
re(co)-. (S01fl2 to ton. aulopu co Ch• fo.,..tton of r•(CO),.Cl2 fr• 
Cla aa41 P•(C0)1 wA•r conccoli.t ooa4lttou. _. Id.pt baw _,.cted 
•a<co>at to Ion Hn(CO)a(ao1r>. u '' fema Ma(C0)1Cl wi&ll Cla 1a 
CC1- (22). 1'b9 latter ...,..U 1e qutc. •uc.,tllJle co futher aU.tiea• 
U..ver• -4 lua• f'luaaU.tiu of MnCla foaa •1" .1~1,, • eildlac 
.. , 









UfftA11D sPIC!JWH or eo<soar>1 






vaa 801 (I) 
veya 801 (A1) 
v IP (At) 
4aay· SOz (I) 
..,. .so, (A1) 
4 IF (B) 
1QJ 
react.ton occur• be••· lf (CO)sSOt1 doe.a la4eed ton. the preMfte• of 
excee• sto.r1 •d•btedlJ i.acte to turcll8Y oatclatioa to Ma(toar) ... 
A;ppareotly. '4• Fe(CO)~Xa aoap011nde •~• le•• affecte4 by l•ra• queaciti•• 
of oddialq qut thaa Cb• tm(CO)s,X c-.pounda. Other tbaa IA• 
Milt (CO) H cucu.rm. tlua nacuou proaau ta • faehutt aaalo1ou to th• 
oaidatioa of carbooyl• b7 lulleg••• ln each ""• th• higbftet nt4acion 
•~•t• eh•t oa be atablU.aetl by lbe 1taau l• oi.usuil. 'fbua c11 foia 
vc1,. crc1,, !taCla, Ji'eGl2 act J!•Ola. u well a eo&la• line• la01F1 1• 
• bct.t.r od.41.a• tbaa Cla (l4). htgaex-vai.eat flWRO•wal.f•t•• tona1 :lo 
• .,. cu• 1o6r1 loru vo(so,1F>1 (pe•hap• d•r1"4 fna V(so1r>s by 1••• 
of s1o1ra). Cl'(So1r>1• Ua(S'Ot6)1u re0(101r) Md Ce(801f.)t • 
ftd.• •N'1M of nacttmdt n4er1illu the peeu40- ha101• utu• of 
s1o6P1• a p•o,•rty prevloual1 oot•4 la U4J other hNtlon• (34). 
YillATlOIAL lfit?i.VM Of LIQUID CIUU»ltL FtUOll»I Al» 
1.0W UMPDA.nll IAMAH lnctlUK 01 
SOLID QJIOK'lt 1LUOUDJ 
lntgQtiactt.a 
The &aaan .,..,_.. ot both U.u.14 ad MU.d or-rl tJ.ud.d•• 
CrOal"a • hff• ke o'bldud. U.1q pnviouly pull>li•hed tnfl'•••d d.ata 
(38. 39) tM liqutd pU... hua 8P••tr. .- be •••tau• to • •P•i.a 
of C1Y •,_try. Thie uaipaeat repreaeau the -flr•c scnctv•l vo:rk 
oa clltmayl fluo•t.cte ta tbe li•uld. phue, d.tkoqh o:ttm-r et.udi•• have 
appeared n ii• acncto¥"• 1D ta• au (39• 41) .u eolld (42) pbuea. 
X-ray dUfl'actioa ap•rtmeata utq a1ngle ery•tals (4%) ohowd that 
ch.N"Jl fluorltla u atarud.vel1 po).,_wu.t by fluorl\1• brtcia• )IOlUlJJ 
la CM •U• pbua. •• •lid ..... .... •teotira ..... ,.. Iler• •UP'81't 
tht• d.U., u no tellltaal fluodae atl'•tchu WR obaen..i. 'but aw 
pe.U n•• 8•en•4 ta th• . regtoa wMT• b~i4giDa flurtn•• abaorl>. no 
e'ri.d•c• wu foud f-.. t:be ••1•._.• of lal"t• aota\ta ef •u.ra or 
higher pol,mr• ta tM llqutd pbaae, »•• nall aaovat• of aa uddeatif ie4 
lttpurtty w•n pna•t• •d uy be a pol,..r-lc ton, of a,,_,1 f1\IOd.4e 
o~•Ol'Y&d earllet (1). 
!!R•r:Wgtal 
CrOal"'t• previov.11 held over dry Har, ud thor·oqtt~f pWJiped at 
-7&0 • WAI$ treefcrred to•· baked-ouc 4m o.tt. fueed atllca tub•• ati held 
at .. 196'• wue..te the tube waa saled. Th• tube vaa kopt •• •1&0 before 
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the •pact,nm vas nn. Ftnr a l1qu1d ph.aH apectrua, th• •a.uaple wao 
wanted co -rooa taperatura, vh .re tbe Ct1>2i1 liqllified. Solid 'iJbU• 
spectra vare obta1n~d by blowiu& nitrog•n• pre•coole4 oy pu a1• through 
• •1'96° bath. onto a solid s~le taken fl'O'B •~c.n:ase at -1a0 • lkt 
att~t wtl$ · de to \llOnttor the t mperat.ure of be aapl on aft)' na, 
u 81'1.tall teperatut"e changes did not appra<d.auly ehange the apec.tra 
obtaiaed. Prolonged ell!.posu.s-f>. to the lasei: Ugh& 1ed to .teeoapoaltion 
of tho ••!:'1•. ad bands astd.~~d to ittpuri'd.ee l4iereaae4. 1.1U.s say be 
due to fOlWltioa of che pulyuY1c fom of Cl'f)1Ja noted uy Ya'l'teA'burg (1) 
wbea CrO.z'li va · expo•ed to U.aht in atllca tuhN. ·thtt apu1:1U.•• wre 
not CrOi (107) _ Ct'()3 r· (108) • o" H.F-. (109); thue vould '.be •o••ned tf 
eonatderab.le glaaa ttack took plac • On ataadiua at roo teap@raturo, 
glaaa actaok 41d oc~ur, hov•••r. &1\d CrOJ band• n"Ould be observed ia the 
apectrum.. 194.mtuelly. the t·ut>ee becMe opaque ad fiaal.ly cuptured. 
The •lltlP1• na iW'1 cm tbe Jarl'e.ll•A5h 2S•300 a,-.etr ... ter, •i•t 
6471 A exctt.atton. The sc.aat"1ng •P fid w.aa 100 ="""l/atn. and J.S c•·1 
slit• were ued. Both 90° and uio0 viewing wue used. in reeowa1ag •P•tra. 
Averaged re•ulta frott\ four rune ven used in decldiag th.• htteutty. 
-poJA·rua•ton, n4 poaj.t1on of the bat:lds. Ta'ble .UVI U•ta th• liquid-
phu• i.a1um buda • their in.t••·i ·t.t.ee. .-nd. polariaat£ea. •' the gas•pb••• 
infirar fTaqu•uct.e•• repo~tttd by St,Ultll'eicb. (39), while tabl• llVIl 
U.at• the {h)lid-pbase ltaaan 1>an4e. 
D1scuaioa 
In all• sdne re-produci~le ~ banQ.e u• obae~. it-&bt w•r• 
disctocc: ad l'e•olvee 1 ad eho ninth, the peak at 295 ca·i. app#a.x-e4 •• 
a aboulMt: Oil tU pull .at %75 at'l. Bad• at HS• 701. an4 403 ca•t Vet"e 
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TABLE XXVI 
VIB TI AL SP C UM 01 LIQUID FLUG D 
I're3uency A.v • Avg. signaent I. • r q ncy 





220• 29 o.568 'b pol (!) It (A1) 208c 
275 58 o.63 vs (A2) (2.59)d 
295 16 o.s v (B2) 274 
325 3 0.75 v7 (B1) 304 




708 75 0.16 -pol va ( i> 12.1 
740 Impurity 
770 5 0.67 
" 
(It) 789 
99S 100 o.36 pol 
"l (A1) 1006 
1045 2 0.93 
"' 
( 1) 1016 
(a) Av rage of four rue.a - for band• not •••igued to pur1t1ea. On 
1a pres ted in the Appe dix. 
( ) Polarisation ratio • Al.thou h the theoretical ratio ia 0.75 for 
polarize bands, a lower limit ha9 to • t her • p k b ight• 
cay d slightly 1n th la r be • Polarization a.a i nta r 
de 1n both the avera e ratio d result• fr the two beat runa 
(wl r peak height decay was leut). Uaing ' ae, the 11ait waa 
r to O.S6. 
(c) 
ta t fro r fer c 39. 
(d) 
o active in the infrared.. Calculated frOlll overtone • 
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e:r01 t1tapority (f) 
cwo9 tapurt&y O> 
cr01 "4?•rtty (t) 
110 
cle rly polu:i.104 and ther fore aT Ai doe. the band at 220 .-1 •l•o 
appears to ba po1.art~ed, but by no meas u web •• the other three; 
a 1 d • giviuu a tot l nmJb Qf f . u Ai .-· ...,w,...~ 
This oe~rt nt .ta eonsisto:nt with tflQ obs naU.on that At aod.eo 
(totally a)1Uletrtc tretcM.ns odo$) re g 11erally th• ~o t tana~ band• 
in tlle spectrua; ~1th tbc e,.·:ccption of too clearl.y depolu:i&e4 'band at 
n b n4 , 
with fovl' of tltem «dto ~tna polartl!atio'Q., •uAt~esce tbat an 1uu•ilnn1~mt ean 
be. mad und~u: C2Y yasetry, ,.Ula b «& p-r~viouely donu vitb gaaao 
C'C"02'F2 using tntr rod data (:~8. 39). ·ruke at 991'• 70Sa 403, and 220 ~·1, 
all At med.es, ~~ 8$Si~d to v1. ~2• v3, and v,. r-3 poctively. efore 
conaiderlng tha autt.~trtc Spt'eieu, 1t shoul..t a ob:J ned tnat, itt a 
Ci• ystem. tbe tito plcmaa cctatn.i.uing tlw Ca aia lld tMt f1uol'ine and 
oxygen ac , YospectivC11y, are equival•ttt. 7bot'Qforo, tbe uainment 
of ch• no~ modrui helongtii~ to :aa and B,a tipucie. is a:rt>ttr ey. lu th.la 
study. the er02 plane ie taken a tlln rcfe-rnue, end the •&'Ile Dotati® 
ta ua•d u in nterc:nees St and. 39 • Allt ts~tTie S}hlC:le• at:e expt!etod 
to oceur a. higher: fr queucy t'ban a~ct.r1c (A1) on•sa cl~u•. t.he ban4 ac 
1045 .-1 is tbe c-r ... o .,,,_ec~iu acrct.ch, and auat ther•fore be a 1'1 aode, 
waking it v;. The ba 1d at 770 c ·i. th.a a r-et:ric cr-r t~ teh, 1• a 
12 ~ode atld. 1:0 .a• trnod to va• Three tlOdoa • the ~ (vs) aoc!.$• and two 
oti r low-froquency ?I.Odea, !1(v7) nd B2<vt>• r-.atn co tie ua15nad. 
'tbe• uy ~· asud.gned by c.onatderag the ga.-phaee tuu1igmanta of 
Cr~'·2 (3&, 39) and the U.quid4>na 1uu1igUltlllt.e o CrOaC1a (39, 40). Ia 
gaeeous Ctti21'2 the A2 t't\04.e is &H:1gn8d co the peak at 3.S9 cm ""1 ., tbe »1 
mode t tb peak 't 27 =-1. ant1 tlm i2 dct to th· paak a& 304 c• -1. 
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fhue. th• Af (v5) aoda la uatgaed to the peak at 27J a•·• h•n• cu 
la(-v9) ..,ie te the peak at 2tJ ea·•. aa4 the l1(v7) ao4a to, the te•k at. 
32S .-1. !be orie'r'lq of t.he•• aodae to Ueatica1 1.G Ctr01Cla (39. 40). 
Complete auigMaeat• an •tao U.etecl ia table ll'.Vl., aloag with the gaa-
phaae tnfra1ted freq..e~•• taken fra. refe'l'UGe 3t. As a clear froa 
the Tablet the ... rd. peslt:_i.cm Ad el'cl•dq of the baada olu.aene4 in 
ti~ aa.a. apectl'Ua .... ..,. well wt.th peoltiou •4 order:l•a of the bands 
1lt tba tafrared apecine. A pictorial 4euvlpt1oa of thta aolecuJA'a 
atructun t• the lf.qutd •tat• 1• pr.Hated .:lft Ptpn 12. 
roi- aolict CrOtYz• the u~tl'l4 -4 a,_.trtc CrO ·• ·tretchcu• oecul' 
at ·9.SS ad. tSS C.Ttt'l, reapecetvel7. No pe.U awe obaoned ia thee 100-
800 ctri•i re1:lou, wut"a teDtul Csr-J' •tt•tchfl• •boul.4 ooc.•1'• b\l't a poak 
at J-40 ca *'1 te obMne.S, aa4 lhD i• where • t.cidglag fluori.ee att:etch 
should ~ obeHt1rft4 (cf. cbaptewe tll and lV fe1: tiseWHJiM• a biiidg1q 
fluor.moa). lt tlel'efore •t>P••rtt that. in ta• solU phau. Cri2fa ta 
a.~t•ud.vely fluorine turtdged. Por oaygeo•brtdglttg te occu. only on.a 
high h·equency etr&t4t\ ehould be obaewad• since lt hu beou ehwn (110) 
that oxygen bttld.g1n1 cauaes the a•ymm.etl'le OXJgen atretch fol' teadnal 
oxygel\a t~ thow vant•b1as11 llm&ll 1ale0a1ty tn tho la1laa. opectrua1 
v88cra 1• va17 strong it• the buQ a,eotra of aolJ.d ~1 fluol"id , 
110'-''eve.-, -4 cbue no oayga-bwid;Uig appun to be occuniRg. Tbeae 
ftuctiase s-rport the a:bgl•a1•tal x--.-ay wotk done "c,,n eolid C..OaFt• where 
fluod.ne•brtdg!ng vu clat.ed1 tt •1ght haft been al!'gud that la ~­
pr•ee.nco of a h1u.tvy atel' lib clutordua, oxygeno ad fluodaee camot. be 
d:f.•tinguiabe.d, and t.htrrefOJ:e oxra• b.-t41f.ng rathllr th• flue.:tne bridgua 
was occurnug. !be e-.td.eiu:o pn•ented above nfutoe tilt• crsunnt. Moat 
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() Chromium Atom 
0 Oxygen At om 
Fluorine Atom 
Figure 12~ Structure of Liquid Chromyl Fluoride 
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of th& 0884• itl cne epe:c.trura cannot readily be uat.aG•d; thla i• aieilar 
to the •ituation fc>ulld. ·for aolid MoOara (110) • whe-re ou.ly teninal oxygen 
atr tcbu tiQ , h1'1d&ina fluorill•• could •••iped. the prcanco of 
aull al*Owta of cr:01 c:.-iu.eata• t.'M •peetna f ·u.nlle:r. Peak• urked 
-wi.c:.h "croa iapUl'ity" are ••¥7 •~rems peab ta th ·. naun epectrw (107) 
cl Cr01s otllaw peake, ultked t1cr01 trapurity (t)• uy bo ,uued by crua. 
but the f•&k.# cauaina cheae are far vea.ke~ po.aka in the cr0, epectrw:a, 
4U4 it is not clear uhy tliey ahoult be relatively •o iatenee bece. the•• 
peak UY al o QC CX1l2i1 paaka, as liquid Crtl2F2 showa . fAV1 ral. ?..-an band• 
in tit~a• rus. further vot"k would Q~ nee.dud c.o d•tend:11e whteb of theae 
two posud.htl1t1ea 1a icdc d tbo ca••• put it pro~ably would uot be worth-
w'h11 · 1n viav of tite gt"eot difficulty in a••i&nin· I~ •p~¢tra of poly• 
meric sy•t.ew1 without per.fomiug ortoaceu. eiag1~iyeta1 aaeureaent• 
(~)J. 64). 
·It ahoal.d finally 'bu uote4 tbat t.h.tL frf14w.iucieu •••iane4 to solid 
CtOiF2 do not C"orrespond to th freqwmciea usian d to impu-ritiaa 1n the 
sp~etrum of liquid CrDaia. ad ll'dxtur'*:.lu of aoU.d. and lifi\d.4 CrOa~2 can ot 
he 11& d to acco~ut for th ue &tll1.de. 'ibo b.ij.>urity peak at 740 ~ -1 ta in 
tlte Cl:'-F .atrtitch1ng region. and the 52) cx:tl paai. occurs 1n tha bridging 
f luorin · region. ho is,purtty bands ue oh •n•d ta ·tho c.r-o s.tr t.chins 
ro&1on.. however. It 1s poae·ible that tbie tmpurit.y 1• a pol.yaenued fon 
of <:roira, w ere both oxys.,n and fluoriue br14ae ehtoaiwa ceo.t•n; per• 
i\.f.\pa only vory •croos Ra.an ban4- "°r• obaarved. Of c.our••• th~ evidence 
ts too limited to cl.· il:l t.' t tl1i otuJibility is the corr ct oue. but it 
is rc.uonable:. n~vertheltHHt. It ia clear tha.t th• .blpurtty bands are aot 
ca by sl ~a tt k, d.~ou.gh. as ttl4 peak.4 d:l4 not cor~espoad to 
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Cr03 (107) • CrOal- (108). • or SiP,. (109). In s~~Y, licrt~dd cbrcuyl 
fluo.rido ex.1 ts A!'J tt0noemr i11tb Cav armm.eti-y • Laser li~bt cautei slow 
decornpo ition1 poe$ib1y to a polyJac:ric fom cf chrmuyl fluoride not~d iu 
older lit t'&ture (1). Solid &lhrom.yl fluoride i• a fluor1n4-br:!.dged 
polymer. 
1a5nctutton. 
ChiOMfl 'll'ifl~ucetate ·Ma "8. 1-.. &o nact .,. . 4117 vtt.h the 
etroac aatu llOSOa.'• BOI01Cra. -4 HOBO. to 11•14 aroayl c-.o•••· 
viu the ••'1' •tnaa aeU• uos0ir anct llOIOaCf t (44, 111) ta• aw_,1 
eoapo..U cc0a<os0ar>i -' Cr01(0SOJClf1)1 nr• fe....S aeoordiq to tlla 
-a•tiou• 
CrQa(OOCClt)t + 2Jl08011 • Cq(Ol0af)t + lC1'1COOH 
ao1 <ooccr1l 1 + h.010aC•t • cro1 (oao1o 1>a + tcr1cooa 
(YXll•l) 
(Vlll•I) 
Jn then naotlou, th~• ftlatil• cr1COOB (b.p. 72.46) ,, .. eaa111 ......,... 
fna the l••• 'ffl&til• •W• uos0ar (b.p. 16J.o•) an4 ROSOzcr1 (b.p. 
162°), u well a t.b• .... oiett.1• cn•..,-1 C011Pouad• CcOz<otoar>1 ad 
CrOa(ot01cr1>a• Vt.ch tu •-ha•_,..., ••14 ~ (111). iw chnayl 
~ were f o....S accn4taa to the reae.ctoaa 
0 
2c.o1(oocc.,>1 + SIOIOa !? xr,coou + CW.(OH01>1 + cs0i<ooccr1)(0110a) 
(Vltl-3) 
u ltou• •oide an r•1att.v.e1J wlattll• (liOltOt• b.p. 8J•), eepantlen of 
tll• two OCMlld •t o. ......,u.-tMa.t. Boch "" rGllOYIMl '"" the •lt1h•l1 
volatile (41) CrOa(OIOa>a (b.p. 21° ac io-• •> att th• Ull-1'01ati1• 
C1:0a (OOCCI 1) (OltOa) • 
ot chue fow cW.,1 co.pound•• cwo. e~1(0S01Gt1>1 a4 
cr0z<aoccra><01t0t>. are nn. Cc0t(OOQ!f1)(otr02> ta U&e • .._. ...,i. 
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•f • 1d.u4 1tpa4 •hroa11 ._._.. but SA t1se flrat oo• of Mfkiet 
e1a1lllit7 to k handled 1D fue lo•• u tbe <*apouscl Cz01Cll u or111 
•tel• ta 'Ii• ptu*- of cr0a·r1 amt cr0ac11 (49). 
C.01(0SOJC.a)1 wee chnaally 4•~••4 ln tba pn••e• o.f •c••• 
(Cf'alOt)aO to 7lel4 Ctt(OSOaC•1>1 •• new Gl'oatua (111) C ... llfh 
1eroaco50acra>1 + (CPaSOJ) o ••i• Joa +zc .. <osaia1>• <vnt.-4). 
l'gpa1' .. Sl• of C1'01COf9t9f.a)a• 'to 8.St _.1 of Cl'0a(OOGC11)a• 
.-calaff lo 4 100 111 pytU g1aq .... el. 1 •. 5-8 al (17.80 MOl) Of 
ahJdrou IOIOaCJ1 vaa adA.0 IA a U,box. The naottoa ,, .. •tin•d 1.s 
Aou• sa the o.a. .u tha iwolaule •t•l't•la "*• rnowd u ••••w•, 
vld.la tbl ••••1 ..... taed at wooa c...,.,:atuu. Mi tofl'and ••inaUoo. 
of tlla volatU• •••rlala ekotr-4 0D11 cr,coou1 17.8 .. 1 ••• ncowie • 
• 1te14 of 1001. baaed.• equattoa v111-2. Mwlta•._J'811• CJ'Oa(080aCf1)a 
nubed nth• •••••11 a.a9 mol.,.. reeow••••• wtdcts SA aho • yteU 
oe 1001 ...... d .. equlton v111-2. 
tra•rtg• of C!Oa(OIOaC!a>a• CsOJ(OIOaCY1>a u • .. c.ar4•78llov 
•U.d tha~ cuu oraaa• u1oa entaet Vi.th •"1st au. It ta rudlly 
ao1\1bl• in (aad h7U.l,aed by) vat•• to al•• a Jell.ow .. 1.ai•• lt 
cliatol••• co at•• a atr..-colol'ed Nluttoa la IOIOtCl't• -4 elowl.1 
•t.aMl•H ta CClat to yield. a wry atal>l• n4 •olutton. Th aelid •lte 
tdlh '-*CMaP•ltloa at 90-929 • Uectroalc epae&ra nr• oi>t•iftd, le ktb 
BOSOacra and ccia.. The eolut,oa ta llOS01C'4 a•• a •tnna brou ·,.a 
oeotared at 350 ... with other •tl'oaa peaks •t , .••• 221. ad zoa ... 
The Mluttcm. la CCl.. gaYe De follwlna l"t&k• (with their .... ,_~t9e 
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in'euitttee) •tt SIS <•.•h). 407 (a,bs), 2M (•,i>r), aa4 221 (w) •• 
TM 1-••• .,...._ t• ooneteteat with tMM obC.S.••4 fo~ o•ur cb""71 
__,..._ la CCl, 801\JUOD (JO). !be an, aolo&ie&t al.lb 1181lf other 
oh""71 __,ow.tda, u VflZJ •table, ea4 -40&•• ••1:1 1tcc1e plloto-
•••,...S.tioa to fro4uc• • ooa eolld. pruUM1J1y Cc(OIOzCl'1)1 (•• 
below). tu a-ra7 pev4•• apec.tna IJt 11,,.. la table X&Vlll, aad. the 
rMult• of oheM1ca1 aaalyttt. vet'• •• follow•• er. ca1eulate41 1S.6, 
foun4t u.t1 '• caln1ace41 14.051 fnat11 16.Ut e. ealnlace4a 6.031 
fo •• 6.35.J •• ulculacu1 11.1. foun41 29.S. Th• capo 4'• infhftd 
epeotn. i• lutd IA !abl• uix. wtMtse prohabi. ••tgaeat• ••• al••· 
giwa. A ..._ .,.ct1'WI vu •tt•pt•4• l>\11 lal1a4. 
M•tsn-•t of Clla bfl'ar:ed 1,.etna S• 4if f lcu.lt. • few •tlldi• 
haw •P,..n4 oa tl'ifluo ..... tbJl•ulfou&••·• c4 cst.flenaet.bylnlfouua 
Aow dle - PGS•ibillttu of bondiAi ea fhol'e•ulfU•• (c..f. Chaptel' 
IV). Tb• •p.eetn. 1• ratl\er •iail•• to tlla• of l(080aCf1)1 (111), an4 
~benfon .- k uelpe4 alna •trail• li.u. Honodea&at• ttU1•n-
•lkybGUGUtu ehov 1HIM• ... 1.p.s e,o S-0 •tntefltna at •U,O, •1200• 
-4 •840 ca •a (114). tbla lut b-4 la idgblJ depan.deut ton the 
•lectffff&•tl•ilJ of ta cetrd •1t• (UJ). a1Jeatate S-0 a1reicl\a 
oe.ov ... -u20. •U20, eel •980 _.a (lU). '11 au ltuda an ._ 
ia ~ lafn1..S .,_,.,. ef G1'0a (OSOaC11)a, ad cl\u ••• Pl'Uaft of 
beth l>f.4-tace ao4 MGOdealat• trif11tftOMthyt.ulfout• p..,_ t• todi• 
••&ed. .._,...cn.o ac1 .,_,clo. Cfil t ·tr••che• occn at t37ca·a. a.a 
at l2ZOe 11)1) •d 1000 -.-1 •• ta eke opona •XpaOt-4 tow c-r etretolMt• / 
(US) 1 •tl• the \>ad at 770 ca ""'l ea lMt •••1ptMI co lb• C•I ••••tell 




































































































vaa B<Ja (~tat•) 












Va• H-0-1. ( t) 
••Jll M•0-1 (t) 






1'8l'J teotatift ... 1.--cs .., M tlacl• utq ••£a-t• for ....,eatate 
trUlUN .. t.h71aalfotU1te lfOUP* (U3). ~ M•ipment• .__..la 
Tale nn. the bad• at 4SO, 4!0, au its .-1. ar. ta the nataa af 
..., •tree•• fat" U.a..ct• coodtut-1 •11••..a _, ... (91) • ••• ••• alao 
pr ... at .b tM • .,.. • .-..of 1<oso,cr1>a• end nua •Y t.e s-o ft c-' 
d•f•-tioa•• It t• '11poa•ib!AJ to hll wlllok of tbua PNSAUittM 
'9 tod-4 ah• ••• f»u'l lotdc (US) ll'lflun-t'hJlalf ou'I•• 4• Mt 
•h• '*'4• k till• area. tc tt.nfon ........ ltb17 tbt thele ••• 
~so1cr1 •tncehe9. ,_. 1• tht• ,.....,._ ta th• ._.. .,..,.,.. of 
&[l(OS01U 1)-.l --. uatp.S u "10 (113), ad thu• *-1 ue .. , .... 
.. er-o-so1cr 1 •a•tcbea. 
¥!!t'U•lt! of ~!!1toso,.v1• to z.75 w1 of C.Os<ooecY1>2• con-
t•.tu4 I • 100 tt1 PJI'• glu• •euel, o.u. Ill (G.i mol) of uoao1P v• 
_,,.._ta• d17llu. A nu·tJ.• eocun..S to pl'O&ue • ltron.t.h aelud.on. 
Tile fldd••• WM ••ined thn• ttft•• at sooa t9f•r•nn, md Ula volatile 
•hl'tale vet"• r....-t u illaCUffacl ph¥tou17, .US.. the v.ual .._..,_. 
at -c:.- tellpel'&hl'•· • ...,. ............. ~.<oso.r>. , ......... 2.12 ... 1 
WM noowud. • )'l•U· f 991 u..s oa ...-11- n1-1. •.41 IDllOl of 
a,coos ...... _.. •. ,.,.., • ,1.1• of 10:. •a.ta 1-u.I. oa ect••tS.O. n11..-1. 
!UJ!!!t.i;l! of C.01~1· TH .... fen& CU) of Ct01<•a2r>1 
•• ohtaiu4 ta tld• reacttoe. tt · ~po"4 at 113• • -4 ... .tl&htlJ 
sohtbl• ta cc1,. An alutnale .,_,.,. •• ot>ta-4 in cci. -4 peab 
(with tlleil' ..-• .,.,1 ..... htctalct .. ) wr• 8---4 ., 340 (a,•b) aad 
tas <•> •• ta ear ..... • with tlto• ot>Ulaect ,_.other ch.-..,1 ..-
,_.,. (SO). le•lt• of cb-14Ml aul,.l• ,,.... • to1iov.s er, ulo.-
latadr 11.·4, fotlltAt 11.21 s,. ul4tdahdt 22.7, fouacl: 21.5; r, 
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ealc:ulatat u.1, foa41 11~1. The iut1ared •pectna la atva 1-
fab1• xu. Aa attesap• •• • a..• •JMl•&n• fdlecl. ti. to dntehial 
aed•• ocovr at 1350, 1195, ad 1050 a·i, OM•tatteal wttb a ltldn.&al• 
(Ca) flw•onllat.e ,.,_,. a. It.ad •• 1420 •• , •Y M a IO •c••••• 
•~ 11 U7 be a .-iaatlea ltu4• a ll l• qulle .,..kl ._ ,_.0111t.y 
U 6.ll + 110 4••1 • lA28 _.•1. Ba4tl al tSS U4 t1U .,•t ue uat.ped 
t.• .. ,... ... 1. ad .,..., .. ,. CPO •tnto••· tk• etMC 11ua...i.fa• 
•••• an tdall.u to tboee ebaene4 in ah& trautnoa •cal fl•••nl• 
fat•• tlieO&flM4 qr1u•· (ef. Cllaplttl' VI).. fte c....o-a0ar aue•a -.cu• 
ac: 450 .·a. ••• where the e~e..1 ••••tobe• ecu• (•• •Mve). 
1.'llw, at"Oa(010Jr)1 •PP••• t• eoat~ ealr t.'4•t•h fluoro•1'1l•t• 
,....,_, •••• .. , •• nt.•1tq. u ta a ur-.-.u.a ,.1,..-. ·~ tiler .,., 
be elullatba lo •••• ....... , bUI tu ph7•1"1 ,_,.nf.•• of 
Cr01(0I011')1 euppol't • poJ.)tlfl~le ettucnn. lt• •1• aolub!li.t7 ta 
BOI01f au .... -WlalllllJ ae PW•P•l'Cha ·-· l• elhel! PolJ91'iO 
f1Uh$1df•C••· nck .. IOaototr (16). Otbe• , •• ,.,., .... , CIO&(OSOaJ)a 
qne4 tdtt. .... , ....... 1,. l*bli•ll•• '''· 46). 
•1911•"• ti cioa(&>a B e.eLa2Q!S!,t). To t.n .. i
of eio1 tOOCCrt>a• ••~ma l® .i r,r• ala•• •••·•1• o.4t .i 
(11.IO -1) ef •h1'4rou DOt ·•• adde4 at o•. fa., r•aeta'tl •ft 
~ ..., o• '" t•~ ho.n, _. • , .. , 1'-4-'~ "'"''• •n-'•••· 
n. •olacUe aa1•~l•b •••• • ..,.., •• kfon. wtcb. ,._ •••4 upt 
flrac. at -10• • a.4 &Ma a·t 30°. TM wltatil• a&tei:ub at •10° wer• 
•hova °'Y lafrue4 •.-ct:ro•C«PY to b• C'rtCOOB uoaa wttb true• ef 
lmfOtl 10117 ,_., waa lr'ct-&*"•H•• Die YOlati.1- Mt0¥1&1 at 30•. a 4••P-




















vu1 so1 (A•) 
vsya so1 (A') 
VU)11 Cl'O (A') 







s.61-1 wa• ~""· hac• of no1 nn .i .. ,. ..... ,a th• 
ero1 Couo1>1• hel' ntt cr01<0J01><ooecr1> N1ataea khu41 2.74 .. 1 wu 
etUMtl, a )'lelcl of au .. .., oa ..-•tlon ftll•J. 
'!!'!!'&!!of er~1,9!2al(S!em8). e.o1(0lo1><ooccr,> te • 4•• Md 
Nlld tllat ••117 t11ow11 duo.poM• • naa t...,.rature. with CIOa• 
C't(OOCC.1) t• a4 lfOl MIDI fone4. Tile ...,.._ 4tttM1 ... ••a4U7 ta 
ut•r 9ith ll7Uo11•I• CO yield a .,.itow •hi&ioat -4 4UM1wa .la CC1 .. 
to .fora • r41441sh .. 1.1.toa dutt. I.• bl&hlJ ._,ttw '* •'-t•• ad ltp.l. 
Att.apta to ••tatu a eleetdl'atc •pactrum IUJ.*41 for ckue .... -.. The 
H1U •lh at 45 ... 4a• _. 4--.poeu to • pea. eoU4 •t 110•. • .... ., 
,_... epectha •l'ttN'M th• ._,.... to k aorphou. luult:• of ch.atul 
ua119u wan • follon1 er. Mlculate4r to.1.. fOWMlt 19.SJ c. ulo-
late4t t.21t foodi 10.Jl a. -101tl•tech S.40, fo-41 .S .. JJ; r, catnlatedt 
22.0. ,.....,, 11 ••• 
ne ufni-.t .,•ctN& ta lute• t. Tele mt. ••-.. apecttm 
wu •tt._,,_.. Tbb •JMl•th1* u .-iu ..,ia, u ... , . na4• ovei-lap. 
14tfo•e eu11iatal tU. .,.. • ..._ fb•C .--el4-W the citf fe;reat ao'1•1 of boadtag 
of nlt'l'•t• -4 tsifluereautat• aro•P•• u w.U u the 4f.ftuut Qectta 
tbat the•• proaett. Ber aicr•• cnaP•• tbl'M Id.ad• of bon41aa .... ,...e1e; 
0.. ... ioato (Dab). aoaod•t•C• (C1•>· .. t.tcl.-CAt• (Ca•> (eictua• 
obelAt.bi or 'b•l4''-a)t u ._. la fi&•• 13. f81• xutt e...ia .. 
die. f-.4.-stal •ibl'attou upeet-1 for MCh of thMe P"•ibiUtt••• 
hos • con•Unatloa el tab1• XDll. t.t ta cl.ea dtat, \Jy lootbg 
•t the •-'>•T en4 puittoa ef ....a atretche•, OM ._ 4acU. oa tho ud• 
of Madtaa of the •it~•t• anwp. To~ t'fifltlol"Oa•C•ta•• tbt• u4 • of 


























Vlll)' COO (bf d.oatate) 
vuo. ~a&y coo (htd~ntat ) 
V&J!I Ct>O (bideutate) 
"•1• COO (bid,eatate) 
V•YA m>a (·monocleatata) 
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"C's, vCY h v.,a NO.a, (bidncat•) 
p w1 (bidutate) 
4 ttoa (•nociaatate) 
4 coo, 4~ (llOaO ad bt.deat•t•) 
f 0110 (bidenca e) 
4 GCOi 
5 er, (Sa phue) (bldentaca) 



















Figure 13.. Bonding and Syrne.try Properties of Nitrate Groups 
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?al>l• XXX11l ex.ad.n•• aae ~rtatu:. v1biat1na for tMkC.b •Gd• of boadiug. 
baidiuiain of tbt• Tabla auue•t• that difforaces, al.thou.ah eltgut. 
end.a . • tha p-os1tion &ltd mah t of catbonyl tJtretch.u will dieting i•h 
a hideatate td.fluoroautat* • wh.il• the pre euee of tlnr•u.t c-i· atrc·tch.•.s 
iudiu.tea a tliOlt04 atat. t>:ifluoroa.CA~ate. 1 ui poaitioa of th• CF de.fora• 
t:C.otut aha g,lvee an tnd.1cat1on of th• type of bob.ding• u th• C-F deforu• 
tlou i• not affa¢tQd. b) ehanaing tie, central ta1 (120). 
ttov t?te iuf·ral'ed •pectrura of tr03(0M02)(00CCFa) •1 ho ~incu:i. 
1Udentat;e triflooroacatAte grottpa ai>pear to b~ prQtteut. s • split 
ca.rhonyl 1• oba•n~d (bands at 1772, 1660, 1410. and 1430 c.••t), and tb.e 
Cf defonaationt. (at 620 nd Sltl = ·1) aro ccu:tainly not in tt\.fl range 
e!ic.VitCted t.o~ -.'\ touic or aciruodentate tri.ll\loroacet tea. ·u~• G•f stretch-
ing re.aton ia uncl••r 1 1~ large p Tt • b•u:•u• nitt'&te group• also abao~b 
ther • 
Tht! status of c.he nit~••• groups 18 l~as clear. Band8 et 1510, 
11!>0• ~d 765 01·1 &.J.ijjt;•et th4t aonoi •ntat nitrate gl'oupa •r• procn~r,.t; 
tbtit band.a tot: mouodentato ni.C:l'At•s tall near' ban,dti t!.Xpraet&d fol: tr1-
fluoroacetat grouvs. and on miet {t't.me ·th t tb ., o.wt!lap. (and probal>ly 
cou.\)le) with tr1fluoroacetat« baade. .klldfJ at 1660 and •)10 n -1 auggost 
tit t a btdentate ntt-cate group ie al o presentl aeain, overlap between 
uittat• nd. 'riflGOrCHMBtat nodoe i• consl•lera1 le. &ud.a t 450 tl.d 
370 ca·t ar• in the I'• J.oo ap<tcted for •tal-oxy5an etretche• wb .o 
trideutata a.Ui.ratQ ttrou..- are coord1n.ated; th.es.a wartt obafJ:n-d a.t 45-l 
.t.t.Ul 379 ~ -1 lA V0(003) 3 (100, 118). Otber baa.ds in tile ap etrua were 
ASSi.gnefl using aasta1..ut1 for Gr(OOCCJ;s)3 (119). VO(NOs)a (118). and 
VO(N01) s•ai1CN (lt)O). Bee uee of tho overl p betwe•n aoet WJ tn:r teuu 
TAULE Allill 
SC~! VlBP.ATIOflS or Til! ?kIPLOOft AC!tATlt GROtf P 
approiti. te h'e~uend.•s (e-l) 
D~acsJ.2t iqtt, lm1e "'.onodeli\t.il tt\ 
Ats. co.a stl"etch 167.5 a) 1690 b) 
Sys COi t~eten l44S 1450 
CJ 43 .stretch 1200 1202. 117t> 
CF a~r• atzet.ch 1140 1115 
CF3 dof (Ui ph.tae) 592 •» !i97 •) 
CR a ,tef (out of plutllle) 510 517 
a) Por f..OOCCF ' de ref rence 119. 
b) or Cu(py),.(WCt.171)21 eec reference UO. 
c) or Cu(py)2(00CCF )1; see reference 120. 
d) 
Utdeatate 







of t\\• al.traces •• ti- ®a aa4 CP •tNtcll•• of thtt tt"Uluo•oacetat••• 
•U of tMH ••ipla•C• _., '• l'fll•rded • ,-17 ••"1 a,pnxiut•• •'-• 
nb•tati•l .,1s.u1 •' tttu· fl.bl'•tt•ul _.., •1 l>e ochnia · t p~ 
duee 1t04es that «Cl'CC>t '• tr:eetet\ ua:tq • ,•S.Pl.• 1rou,.ti:oqueaoy aalyab. 
ftte pnnnce ef hrtd9tq crou1•, Mb&• beee neg •cad IA tu infra~ed 
•P•C'Cl'e tty ~If.OU of btdentat• o1t~ate ad tr1flv,.o.roaeatcte ,_.,., 
wouU ap1da th• .-o~llGo• pw4eY: •P•ctna. 
J!la•r:••iM,.f.Jf bl~~~.>1• '" 1.s Wl of f'fe617 .pTep&ftd 
C'C'01(oso2cr,>1• unta1ned: u ·a 25 .i .,._. ~ottse4 ll•k• 26.1 aol of 
(Cf3so2)1o wee .ttled in a d17~. A<too.40.aet: ad dt?in. cu. VO'l'tt 
eouuct.a. ad ttaa auiv•• wa l'oflu.nd un4-r bf atr for •lPt da,., A 
sren •ltd fomed. Th• 1d:.ttt•• wu trautu~.a to a lctaltmk ftltr•tioa 
tu• in • Q'7 ••• •• tl\a ...., (CJ ,so1) 1o •• ftltua off of tu 1r•• 
eoltd. 1'• 1reen to114 WM· vuh . wltk so tt1 of cc1,. :l.u M¥•~al pOl'tt•n•. 
a4 fto:a111 wt• vaatuad with 2~ 111 of •14 aal:lycintto etaet'. ne etur 
~-·· Pale are• •liltd 
Cl'(OS01cr1>, raab..S a.a • fS.M powda1!'; 1.l l.lll01 wet'e .:ecne•u,, an lft 
yh1 tl..-d oa fltlut.tf.on 'fttt -4. .. •t~-.c vu •*1e to !.ttcnue tbe 
7l•U b' ..apo~attea ot tho. etbar1 wftir.tp., vher.e ••11 tmotmt• of th• 
c~ bad d:too1ved. 
rrte~"~'!! .. ~( .St(a.Ut~ta>a• C.(OS01tr1>1 ta a ,11. lh*l aol.id 
tll•t la Hn•ttt•• to aotaturA. ~t l• readily aolubl• ta wet•• *1eohe1. 
•tb•ol, attd ta a1tgtlt11 e.oluble ta ethar. tt IA iuo1ub1e ta 1'ona-., 
<trato1) 1o. 4M cc1,. Th• ao1t.4 •lt• at 136-138•, wtth eteooapotJitift 
to • • .,....,.,..IJlut solid uklng place et iso.•. AA e1ee•hl\ie •pec.t>:• of 
.a etbereal aolution an pe•b (vitb 1'Hpectt"N ta&euttlea) •t 610 (a) , 
llO 
434 (•)• and 250 (t1.hr) nm. tn agree•nt 'Cd.th publt1bed Yaluea for 
Ct:(Ztao>:+ (119). 1.n X•ray p()wdor p ctrum ig i'le th~ folloving d values 
(10·1 tut) vitb th !.tr re.p ctiv~ t t~a1t1eu !l.6() bi)• 8. 70 (vs) 1 
4.ll ($) • 3 .• 25 (~) • end 3.0S (m). The rcuiulta t>f ch.e$1es..1 a.n.a.lya!s 
._,ere u follwu Cr, c:a1culatedc 10.43,. foutbh l0.664 c, caleu.l.ated: 
1.22, found 7.lSJ s. calcub.t~d: 19.25, founds 19.0SJ ', caleul.at•d: 
34.31 foundt 33.2. The infr red spect:l'Ul'l is ~iven in table .. tv. A 
~ p ctru~ wna ~ot attet:apted. 
lh"lnds at 1352• 1100• and 995 cu -1 1ugs;ut that a bidolltate cri• 
f luoT:ol!Ntbyla~lfonat~ group iB pl'fM:teut; th 4'~ agrf) 11ell with bands 
attrtbut d to GO tl' cc & fer thi group (113). lland.ti at 1250• 1205, 
and 1160 cm•l · re a,par:ently the Cf od • Tb0 i•C tlt:r tch is obnened 
at. 710 C111•1, consistent with tlll!l t>Otd.tio"'-ot.u1ened ic other t-rifltiOro• 
metl1ylsulfon•t•H• (lllh and the Cr:-O-SOaCJt1 atretctl oec .. ,. at 46S cm ·1, 
·near vhertt it •• obsett~d tu Cr02(0S02 CJJ',)2 (tuae ahov ). Othur band• 
occur t •••entially the a lte poelttou ae in Cr02(0S02\!P3)i and an 
aseignvd •ira11a .. ly. The t>htlwu!o of bident.ate tr1fluoro•tiiylaulfonate 
sroupoi 1• eonatetent with tba expectation tblf(t tn. chroatua u sb-
coordtnate:. 
tho elaLm of evid•ae-e fol' polywertc Cthroayl ceapoua4e u ·fi• above 
1• ••ewbat atanling., u chremyl C01fPOW4• have 1001 bMn h·•¥d.ed. 48 
aono•r1e, U.b aulfu.-yl compo•b,. with wbtc the1 are ofteG COfilP&l:'ed 
(39). Uow-ever • the l"Hult• r•ported ea:rlier for solid cb.roayl fluol'ide 



























as coimaon aa polftaeric cbrGf1t11- coapounda at i.ut eons aolid c rom.71 
co .. •owtlo. l•en iti the ga• pbase • ~vtdbee exists for di'M'• ia tb.a 
v r of til\tc>nyl c.llorid"' n.d tli.aor1de (43). It: tharefore aee• 
rea1Jouablc to sutn~eat that bidwc.ate, and probably bd.dging groups are 
pi-1u1ent in these co ~)()und • V.sa41Jt1t1ally no tn1bsstantive etr:uc:tul' 1 oc 
•pact'l'al work cxuta ou sellci chnayl e<mpounda • and tbwt furtllf.l:r utudy 
would b• necoaaa11 to couf 11"111 thi• eugg~tloa. 
lat84uc519 
In chis oMpt•~• aha •••ult• of ••vual •tu41•• _. npond. In 
t.ha fir•& e&.ty. aw chn.iwl d1t1uon>p'*-'1*•U. .,.,.. pr.,.nd b7 tb• 
ruet1• at nnphoaphoiJl tatrafi..ru.. r101Ftrt• v1th obr•i• tl'loxld• 
Md pot•••i• chnMt•• Vith oh'l'oaiua td.oxla.t. ~ao1 , reac&M la • 
-•Y aaalogou 'o 'lb•• of t:rtfluonac.ttc MhJdri4e (SO), ad cbr_,1 
dlflunpl\Nphac• toned• 
0 raOaf~ + CrOa I C'IOa(OP01a)a ux-1>. 
in •t... P1'••••• of acaN r1o1r,.. chrcar1 ifluoropl\oephat• .,.. uaatable, 
-· • ..,,..., to at•• •h..S.U. (111) 41flaocopboaphau ad .., ••• 
VS.th pecanl• ah-t:•• Paosr• agaia kh&Yed llk• (CJ1to>ao (Sl). aa4 
ponaat• t•trakl• (4Ulvonpboephato) ohrctate (VI) I•--'• 
(XX-)). 
• MCOad atualy iaY01Ye4 ath9pt• ac pnpaa-attcm of abl'old.• (Ill) 
flaoro•ulfat• ocher thaa the wa1• aentieaN prn1.oual1 (c.f. Cbapt•r• 
lV uct VI). Melathui• of ~- (lll) lclfhocoac•tat.• in fl1&01'oeu1-
ft.adc •cid f.U.lll, anti td.f.luot:eqe1,1 flu~t• ... IOllMlCb 
o• 
ac .. (ooecrs)a*H010tr • 6Cracor+3Bal0,+cra(ao-.>s (IX-4). 
-•1 ef pa~41eulfu1l 4Uluow1d with dmai• •tal• cbrord• 
(Ill) chlo•ide, ad f.hffld\1ia (11) flaao-rlde, tlll'•• otba~ ,_eibl• nut•• 
lo Iba fluo--1f•t•, 41.d -· OCCGl't , ••• M •th•• 1'Chd:Q to • .,.... 
(lll) 11.......itat• --~• touad be••• 
TM tk,lr4 a:rea S.awlvea .,,_,,. •• nutta1 eh,n.l• (Ill) 
llUff••tillfd• ..,,,h HOSOtCr1 ... "''" laltl't• la HID ...... DO .... , .... 
IB!'1M!SI\ 
r..eer~!.&t! ~I CcOaSQl9•r>a &lt4 Cri9!2'1>1• ~o 6.iJ ... 1 of c.o1• 
coa•aM4 1• • 100 .i '1•• ..... 1, 39.6 mo1of110,r-. vu ..W•• at •lt .0 • 
ea vU'llb.1. • ruouoa occun.t. MA a de.,.t:etl ••l•ti• fo.....t. a.4 
..., .. .i. •• •1•• pnaoat. ~ et..tna. ttt.eae red f:11•"1a cwoad ,..._ 
ad a pa wu eYOlvd. Afttel' t:• -.. at l'OM t_,.ratu•, eke wlattl• 
llM••i•lat war• nMft4 aa hf •ft• wh11• &he ·n•M1 r ... u..d •~ qoa t•P•l'a-
c••· A ..-.-4-dbl• (at •196°) 1• vu ... 1 .... •• a 110lecular 
•ieh• _.._._.., ...- • •*1• et 34 1 •1•1 i M11•• -..ehtl ta tt.• 
•.....-u.. of ti. ch~l ~. lla• • Mleoular Might of Jl 
1 .,1·1. 'lbei ..... taoartt ..- ....._. ,,.,. pnlcM&M htt•ct•1 (606) •du 
w.o.-, 1eniq pal• -~-- Ce(U011')1f 6.9& -1 •• NOOY4"4• • 71•14 
of 1001 ba•-4 on ..-cloa u-1. the -.c. of oxn• nleuacl _. aot 
......... 
Cbnsvl .tUluompkoaphlkt• aay b• acrut.t f_... the _. •• Mlutt.a 
Sn Pt01J, hJ a441tta of cci_. Si fona a NCI aelutua ta teltt wblch i• 
tu •n •tabla than tu 12oar, ••l••t•1 ~1'1- Mbaior u •tail• to 
tb& of th• uutahl• ctm.11 coapounQ Ct&aCICO>a .a Cr02(SC1)1 (121). 
AR eUc.hot\l.e •P••ti-• of thi• cci, aoluloa pw pub (VS.th their 
rdpeettft lot.OU..) et. 430 (•.ftl'), 315 (•) 1 271 (•) 1 11$ .C•)• Del 
1U 
200 (.......,) •I a awspea1on of PiOar, save -17 a weak peak •I 280 •• aa4 
nu all the fUU .....,ottu •h••• 11&1 h atc.rllM&t-4 to ch• chntaJl 
c•poud. ne electronic apeetru. u in •a••ttMDt with that• of ot er 
cbroayl coapowu (!SO). Actual uol&t1• of CrOa(OfOfa)a frca tll• cc1, 
aoluttoa ••• oot a~teapcett. es tba aolut1on luelf 4.ecoapoa••• 
Jtnt!f!l•• ,, Pl'SOJOlz)a• Cl"(OP012)3 Is • pal• ..... ••114 tll•t 
i• oal7 •lovl7 affected by ulat. etr. It • iaaol\lble la •thaaol, 
aeeue•• e11-r • and beu••· It ts tttaollli»l• in •d oa11 wry •1ltbt17 
attaAad \ly vat•r:, where a .,.., .an4UAJ. bydrolyal• occ•• co pncluce a 
peea aol•tloa. The Nlid dttt uc ..it klotr 4oo0 • aM the aolltl pve 
• -~ x-ra7 pow4aw apeetna. I.hull• froa chealeal aulf81a wre 
u foll••• C•• ul·calatua 14.6. feuds 14.0a '• ealftl•t.ta 2&.2. 
fCNa.41 2s.01 r·,, calculaae4t 32.0, foun.41 .so.1. A .apatle euoapt1b11it1 
. 'lt 
aeanr ... s.dt .,.. • val• •f S.44 B.M. fol" it•ff at 23°. A F mar wu 
att.aptu, hut the aolid'• wary ltldtu aeltdlUity p~n•t•d •1 puka 
fftnl 'bNal o1>Ml'ftd. 
the iaft:ue4 apectc. 18 r.,on.O u Tat.1• uxv. 4a at.tupt at • 
bun apect:na fatlecl when the •9P1• ft•n•ou. A&r•-• vlt . tu 
•P••tJNS of la(010Pah (Jl) u quit• gao4. the band at Jl.S a·l 1• 
app&re.nt:ly the CT-OPOf 1 atttetcb. Other b-aa4• apee nuoaaltly well with 
thea• ob••l'ftd for la(0101'1)11 ad tb•• the •- ••i..-ta an •-'I 
t1'1o ~i etntc.h la aot obaene4 •• it prob• 17 ocara below 
250 .-1. Sl••• both aonocleatate ad bttletec• tlifluftopbuphatea have 
Ct• .,_.uy (44). provided. coo•d.iu*t• uua place tb.rngh n7pn. 
aothtq en be ..U about Ike •tftetu• oa Cb• l>uia of t.he Wren4 
apec~.- alone. ID view of the phy1teel PDl*l'li•• of Cbh capouad• it 
136 
TABLE lllV 
D1ltABED SPIC~ or Cr(OPOF2)1 

























vu P02 (11) b) 
va toa (A1) 
~aa PFz (B2) 
ve PJ2 (Ai) 
4• P02 (A1) 
v Cr-0-POF.t (Ah B1) 
4e 1'P2 ·(A1) 
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would naa 1lktl11 chat tb• dif lunopho-,hace anu'PS ..... bUnt•t• 
brtdpug asoupa he~•• howwr. 
X.tergtf°" pf C1r(O~fi)a ~th Cltt2• 1.s wl of chnatu. (Ill) 
41fluoropllo•pbcte waa ref11Qle4 with 10.J .-.1 of &tlbJ'"°"° .ae•tealtYll• 
fo-r· U dafe· Afte• r._..el of tbe ac•toattrtl•, che ctll'Old.a (ltl) 
difluoropbo~te vu quatltat.tvel1 r•covend. lt wdd. &p1Mr that. 
tf tile difluoropt.Nphat.• alWP• %e la fact bi:ldgue. 1h•Y •• etrona1J 
b•4.a to each ohl'Old.ua and.•• o.oc eutly reaove4. 
'£~i1Dtl5 of KaC!!a(OPO a>... !o 1.21 .ol of X1C1'0tt. ~­
talrt.d u a 100 ed. Jyrex al••• vea 1, 19.2 mol of P101J'i. -. added 
al -1~•. On womtaa, a dark-bi-own eolta fot'llftd. After 2.s boun• 
the volat11• utet'lala wen re.iovad a \M:tfon, whil• tu w-ne1 l'e-
..Sud ~~ nea teaperatvn. Hutlq t• 10• ••• nec••MrJ to ftllOYe 
tlM ••••• P2o,r,. After t'elKmll of th• P2o3Ptt 1 hr01m ao114 
t.1,tr0t (OPOJ2>tt ceutne4i 2.21 .-o1 •u ~ecOYot-ed i• a yt.14 of 1001. 
basod cm equaUott U•3~• 
Pro1tt:5tee of KaCW0.1SOP01'J)... lt2Cl<Jt(OPOJ2),. l.e a dark. brova 
oryet-1.liue HU.4 tlMlt ls v•n~,.. "1l01t:tw to w.iatun, It" 1• eolubla 
ln va~•r to !otu a 7ello-w eobltioa. the •olld tl61t• at 1169 aa4 
4-compo•u et. 145° to • areeo eo114. the .-ray pow4or apeotl'tltl .!• 
siwa tn T•1>1• U!Vl. ad the iufnr•d s,.ctrua la . 1WI\ in table 
DXVII. Aa atu.pt. ac a bun apectl'UI& taile4. ft• b&ad at 1050 ea·l 
probably la dw to th• ,,._cde au4 61\Ct•,.,.tJPic c.,..o atntcb••• 
•4• a tD Ct'(OPOPa) h the bud at :no .-1 ta autgaed to the 
Cr-0-Nfz •treccbe•• athar hMd ac¢UI' 1D the eaM t:fl -tone ae 
lti(OPOF2>1 (.53) an• Cr(Ol'OJ12)a1 tho•• aaatpment• arc sia.11ar u in 








POWDU. sncnmt 07 l.1C"°I (OfOJ2) .. 
tAtenaitY ..i,10 ·1 n!l 
1
lnt fitz 
• l.03 • 
• 2.9S • 
• 2.48 • 
• 2.30 w 
• l.26 • 
ft 2.12 
8 l.7S 












trobable Aae1anaeuc 'C2Y.2.. 
•) vae POa (81) 
v • Plf,a (1i2) 
vay• Pf 1 (A1') 





tho• com.pouada (44. SJ). 
J•t•rfftiou of £E'OOCPJ1)1 wtth . BOIOa~· to l.86 wl of 
Cr OOCC s)h co11taiu<l tu a 100 al Pyru glaaa ve.ael, 2!1.3 nol of 
OOSOz• vu adci-4 at -196°. On war.mJ.aa. a duk greu •oluttou ~·­
IHllted. VolattUe -~•rial• vere r....,.d q M!o~o,. wbll.e the •••••l 
tu.c wa n.ld at o0 • &ad then ac no. temp•ratw.. An tnfl"antd 
apactna o! the voU.tlle uc.edala at u0 •ho•ed 1A1:'ge amotmta of 
Gf 1001' Md t,racea of CF3000B. Proloaa-1 ptmpins on ca. ruid 
produed dark &l'een •1'7•t.ala. No fluoroaulfate bade (i.e., •Sf) 
ware ol>aenati ta an tafrana •peccna of thl• solid, but •ul •~• 
tacaracttou of Cr •tal with 81.21 J• To 1.14 taol of powder d 
cw. cootdaed tu a 80 .i fued ailtca Haetor. 22.9 eol o.f S101r1 
•• ddttd at. •19-6°. The ab:tur• 11aa hoa~ed at 60° for lflffn 4.ays. 
On n.,.•l of the volatile ut•t:iala, tb• ch'l'Galura wu q"8Dt1tat1v.17 
(1.16 -.1) hCOY&Sed. 
X.tel"ectioai of '°'~Cl, wt5h tta01la. 1'o 1.0.1 W»1 of powdered 
aahydrou CrCl.1• ceatained in a 100 111 Pyre al.A•• '¥e•••l• 22.a mmol 
af St01ft W .. addaG at -lt6°. The -.ixture vaa heat at 60° foT tvo 
days. Wbau the w1at11e .. tertal• wen wao•d, 1.03 aaol of CrCl3 
lnt•r••Si• qf Cr"f'ta l!!,!! !tWh to 2.9& a.ol of CrF2, coa• 
t.a1ne4 it\ a 40 al •tltca reactor. 24.t -.1 of l201ft vu 4dded at 
-ltt0• Tb• 11:bccun wa heat d at 60° for four UY•• uG the volatile 
141 
, ... •• of .s201:r2• 2.9, ~1 of c.-11 wu ~ffOV«ihd. 
Intet'aettp pt Cr(Oltlgtfl.J S"b ,Sa2'!1 •. fo 0.11 taol of 
Ct(OIOa 'F.) It cotttd. ed in a 40 itl tuaed aiU.c actor, 1.4 l of 
Sa·OeFa. was added at -196°. th& mixture wu beat•d at 60° for: two 
.s.ye, and at 15• for a tht.-d. the -vo1at11o ut•riala wre ftllO'Ved 
at t:ooe e_,.-rature. aad 0.23 IJMOl of Cr(OBOzP)J waa 1ecowre.d. 
lat•netlGG •f Cf(RfK'•·~t vltb .tt0801S,Ea• To 0.24 aao1 of 
Cr(OIOa,1)1• contat'M4 1n a 40 Ill tuaed &tllca ruet•• 11.3 mmol of 
HOS02·c11 wu added at •lt6°. th• ld.gture was •tin-ad three ·4-ya· 
at 60° • a4 the. '"latila aah'riah 11ere ir...v•d aa Hfo're, while 
the vuael wa• h•ld at 60°. o.al aol of· Ct(OSOa1)1 vu racovare4J 
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I I F!Ji~ 
}:c t X T E N D F D P R F.: C I S I 'Y; 
*O NE WO RD l ~ T E G ERS 
*I OCS ( CA R0 , 1403 PR I NT~~ , ~I SK ) 
;: L T ST ALL 
U= 0.00 0 
X=0.0 0 0 
Y=O . OU U 
W= O . OOC.1 
Z=O . OJ O 
i{ EA U ( 2 , 1 l ) · ·l , G 
11 F 0 R '·1 i... T ( I 3 , F 1 • 4 ) 
',·{ R l T c ( 5 , 1 2 ) 
1 2 F D . > H A T ( ' 1 ' , 3 X , ' 1 I T • , 1 0 X , ' L t-1 G P • ) 
DO 1 5 I= l , ~ , l 
~E Afl ( 2 , 13 ) C , ~-1 
13 FOR ~A l ( 2 F ~ . 3 ) 
T=l / ( C+ 2 7 3 . l '.:) ) 
;:> = ( '\ L 0 G ( H - c; ) l I 'c • . ) .. _. 2 5 
.'<= X+ T 
Y=Y+ P 
Z = l + ( T ~:~ T } 
\ .. ~ = 'vJ+ ( p ;:~ p ) 
J = u + ( P ~: ~ r ) 
0IR IT E { ~ ,llt ) T, l) 
l 4 F (} f< : 1 A T ( 3 x ' f '-) • t ' i x: ' f CJ D 6 ) 
15 CONT I \JUE 
µ, = ( ( ; ~ ;::t.J ) - ( x ~:: Y ) ) I ( ( .\i * Z ) - ( X ~:' X. ) l 
B = ( ( Z ~: Y ) - ( X ':~ J ) } I ( ( \i ;;: !.. ) - ( X * X ) ) 
\·1 R_ I T E ( :5 , 1 6 ) 
1 6 F lJ !{ l\l AT ( t l) ' ' , -~ I • ? I_):< ' I d ' ) 
vFU T E ( 5 tl 7 ) ! ... , ~ i 
17 HJ :-~ "'' i\ T { / F 2 C, • l 1 ) 
C~L L EXI T 
[ f\j [) 
COMPUTER PROGRAN 
FOR LEAST SQUA_'R..ES . DETERi'1l r ATION 
150 
1 I ,,,__._!" I ,,,,,, I !, I I ~:-../j I I ' · I I ,/ 1- I 
I / . ' I f,/ I :-.:-.. \ 
'·' _____ l __ _ 
/~ 
/f/! \ 
/ :-../~/. \ 
I / "- \ I I / 'f.. I 
I / ' '- I / / i ' :-.. \ 
_, ______ L ___ ' 




,,, ,,. I/ I 
,, I ~ ,:{/! I 
" :(; I 
I / "< I 
I / I 
I / \. ', I 
I./ "~ \ 
. ___ _J ___ _ 
(See Reference 122 . ) 
151 
Infrared S ' pee trurn f o CrF s 
~ o 















~"'-------. - •.. _ __,..,._U"f ...... ~ ...... __ 
., 




















~ 8' l \ 
~ ~"\ 



































c' .... .J 








































































-""·"~ ... 1 
.. _,.:;_,_,,,,_. --.....---~ 
<.:::_-~------------~ 





............... ~,,·-------··-----_,~-----,-~ ... ..,. .. -. ~···-- .,,. .. _., ....... ; • --~ ,·--<~.~- I . __ _::.;;;;-~-------~- --~~.-·~- :·~-~~=:::~~·~ 
"~ ....... 
.. __ .... 


















Raman Spectrum of CrF5 
·-~--t:· .. 
--~"' __ ll!::':r_...·.~ 




















































* ---- ·- - ---.....____ 













































'I ) 1 r--· 
,I ' 
0 
LtJ 
... ('</. 
0 
CT 
167 
